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ABSTRACT 
The Seal Perturbation Series of experiments performed on the ND 20701 reactor (Plugged 
Core) conclusively demonstrated the overall stabi l i ty of the NRX-A1 design configuration wi th in 
the envelope of conditions explored. These conditions were ambient temperature hydrogen f low 
at core inlet pressures ranging from 100 to 700 psia, core pressure drops from 0 to 130 psi, and 
varying degrees of seal perturbation from a normal condit ion to venting a l l 16 effective seals. 
Core and seal pressure data, core isobar plots, and mechanical data are presented for both per-
turbed and unperturbed operating conditions. 
The isobar plots, based on conformal mapping techniques, indicate the possibility of core 
radial inf low from the seal region along the first 4 /5 of the core periphery. Radial outf low 
along the last 1/5 of the core periphery is indicated. This is inferred from the existence of a 
high pressure area at the aft end of the core and a " t rough" l ike depression extending from the 
aft end peripheral corner of the core, as deep as the 13. 5- inch radius, and as high as the 30-
inch core station. In addi t ion, core pressure profiles Indicated a positive, stable, bundling 
force throughout the core with minor exceptions at the aft end and core centerl ine, for both 
perturbed and unperturbed operating conditions. Mechanical data Indicated that a l l observed 
stresses were wi th in design l imitations. 
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I. INTRODUCTION 
A. Background 
Following the KIWI B-4A hot reactor test In which destructive aeromechanical 
vibrations were observed, a number of Investigations were immediately Ini t iated to determine 
the specific causes of this Instabil i ty, At W A N L , a small scale flow test with an Individual 
element indicated that vibrations could be Induced by gas flow around the outside of the e le -
ment depending on mass flow rate, channel dimensions, and pressure distribution along the 
1 0 '^ A R 
element. Numerous analyt ical studies ' ' ' were undertaken to Investigate the causes of the 
KIWI B-4A vibrations and their signif icance to NRX-A designs. These studies concluded that 
a combination of factors would cause core vibrat ion, but the basic problem In the KIWI B-4A 
design was Insufficient Inward bundling pressure over the entire length of the core. Thus the 
elements would tend to act as individual beams fixed at one end and free to move Inward and 
outward under the force of the flows between them. 
As a result of the analyt ical and early experimental studies, several al ternat ive 
component tests were suggested to Investigate, more fu l ly , the relationship of flow rate, 
pressure, and other parameters to core mechanical stabi l i ty. The Seven Cluster Model and 
Plugged Core Model were selected for extensive experimentation. The Seven Cluster Model 
was to provide a rapid and eff ic ient tool for studying the NRX-A configuration as well as to 
simulate KIWI B-4A and other geometries. Several test series were completed with the result 
that no induced vibrations occurred for the simulated support system and core for the NRX-A l 
7 8 9 design or for designs modified to incorporate several features of the KIWI B-4A. ' ' In the 
final series. In which bundling forces on the core periphery were removed by el iminating 
the core band and al l but the uppermost effect ive seal, f low induced vibrations were observed. 
The reduced results appeared to substantiate analyt ical predictions as wel l as to add credib i l i ty 
to the adequacy of the Seven Cluster Model . 
The Plugged Core Test was in i t ia l l y tested in March 1964. The test design was 
based primarily on the earlier indications that leakage flows between elements rather than the 
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main propellant flows were the primary contributors to unstable operation. Thus the main 
coolant channels were plugged to permit only leakage flows to occur. A ful l series of steady-
state and transient tests were conducted. These tests were conducted during March, A p r i l , 
and May 1964, and ore fu l ly described in the Phase I Test Report. Experimental measurements 
of seal pressure distributions; core pressure distributions; leakage flow rates; mechanical stresses 
and strains in the inner reflector, t ie rods, and elements; and movement of plunger pins, support 
blocks and other components were made for pressure levels from 55 to 575 psia and for core 
pressure drops up to 126 psi. The experimental results compared favorably with analyt ical 
predictions, including pressure and strain distributions and flow rates. In addi t ion, as predicted, 
no flow induced vibrations were recorded over the entire spectrum of reactor operation with the 
anticipated N R X - A l pressure profiles. 
B. Test Object ives and Status 
Although the steady-state and transient tests conducted under Phase I of the Plugged 
Core Flow Tests gave no indication of reactor instabi l i ty, the results provided no guarantee that 
under operating conditions less favorable than "design" conditions the reactor would exhibit 
some Instabil i ty. Fsr example, the tests did not describe what would occur i f bundling pressures 
on the core were reduced because of, say, a series of Ineffective seals. The series of Plugged 
Core Seal Perturbation Tests described herein were designed to explore these areas of operation 
more conducive to an unstable core. 
Speci f ical ly, the object ive of the Plugged Core Seal Perturbation Tests was to i n -
vestigate the area of stable core operation In terms of operating pressures, pressure drops, 
leakage flow rates, and core bundling pressures, the latter being a direct function of the pressure 
profiles In the lateral support system seal chambers and the relat ive pressure profiles at corres-
ponding levels in the core. 
In order to carry out this object ive, the seal pressure profiles were to be control led 
external to the reactor and pressure vessel so as to reduce the seal pressure prof i le toward the 
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aft plenum pressure, in a manner similar to the KIWI B-4A. Table 1 illustrates the planned 
tests in block form. The proposed tests are indicated by a " P " ; the completed tests by a "C". 
The Seal Perturbation Test series was a part of the Phase I Plugged Core Flow Tests 
12 
or ig inal ly proposed and as such made use of the same test model, the ND 20701 reactor. The 
results previously reported in WANL-TME-792 were designated as those tests prerequisite to 
NRX-A2 operation and were, therefore, published prior to the completion of the perturbation 
series. This report is, then, a supplement to the previous report and w i l l contain only those 
descriptions of the model, procedures, instrumentation, and faci l i t ies which are essential for 
an appreciation of the signif icance of the results. The reader w i l l be referred to WANL-TME-
792 for more detai led descriptions. 
I I . EXPERIMENTAL 
A. Test Model 
The test model employed In the seal perturbation series of tests was the ND 20701 
reactor (or plugged core) housed in a coded, unflred pressure vessel. The complete assembly 
is shown In Figure 1. The complete core assembly is i l lustrated In Figures 2, 3 and 4. 
The ND 20701 reactor Is generally typ ica l , mechanically speaking, of NRX-A 
13 designs through NRX-A2 (ND 10201). It consists of a ful l core subassembly of Oak Ridge 
Y-12 uncoated, unfueled, graphite elements; an inner reflector fabricated from H4LM graphite 
and reimpregnated with a si l ica dispersion after final machining; core support plate; core 
support r ing; dome end seal; nozzle end seal; aluminum barrel; lateral support system of plunger 
pins, springs, and seal segments; f i l le r strips; core band; Interlocking core support blocks; and 
related hardware. 
There are several modifications of the basic NRX-A design In the ND 20701 design 
for one or more of the fol lowing reasons: 
(1) To reduce hydrogen flow requirements for the test and thereby to permit 
testing wi th in the capabil i t ies of the WANHES flow system. 
© Astronuclear Laboratory 
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TABLE 1 
PLUGGED CORE SEAL PERTURBATIONS TEST PLAN 
Core 
Pressure 
Drop, psi 
Number of 
Perturbed 
Seols 
0 
4 
8 
12 
0 
4 
8 
12 
0 
4 
8 
12 
16 
Core 
300 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
-C 
Inlet Pressure, psia 
500 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
P-C 
-C 
— 
700 
P 
P 
P 
P 
P 
P 
P 
P 
P-C 
P-C 
P-C 
P-C 
-C 
50 
90 
130 
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(2) To permit a more precise study of leakage flows and their effect on reactor 
stabi l i ty and other operating characteristics. 
(3) To reduce the cost o f the test by el iminating components of the complete 
reactor which were not essential to the accomplishment of test goals. 
The design modif ication pertinent to the plugged core tests may be summarized by 
the fo l lowing: 
(1) Substitution of a stainless steel support assembly for the complete outer 
ref lector-control drum assembly. 
(2) Plugging of a l l main propellant f low channels In the elements and Inner 
reflector and around the t ie rods. 
(3) Substitution o f an aluminum dome end external f low control loop to simulate 
the upper aluminum shield and screen. 
(4) Installation of pressurizer probes in the inner reflector to permit remote 
control of seal pressures. 
(5) Installation of 37 interelement pressure probes and other Instrumentation 
necessary for the entire test series. 
The Internal Instrumentation in the ND 20701 consists of the sensors necessary to 
monitor seal pressures; core Interstit ial pressures; core Inlet and out let pressures; strains in the 
core support r ing, fuel elements, t ie rods, and inner reflector; temperatures in the core and 
support system; relat ive displacement of the core support plate and core and of the lateral 
support plunger pin and Inner reflector; acceleration of the core support plate and core support 
blocks; and sound pressure In the core Inlet and core outlet plenums. Figures 5 through 9 and 
Table 2 previously reported, are Included here for reference to the specif ic locations of these 
sensors. 
O f particular Interest to the seal perturbation tests are the seal pressurizer probes. 
These consist of 1/4-Inch outside diameter tubes penetrating the pressure vessel through the 
instrumentation ring and entering an axia l coolant channel In the inner reflector. The channel 
'^eiNPIULNIIAL " 
VIEW AFT 
VIEW FWD 
/ ^ J ^ Astronuclear 
\ 3 / Laboratory' 
WANL-TME-1207 
CORE SUPPORT PLATE 
GAGE G R 
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165 10.2 Forward 
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THERMOCOUPLE LOCATIONS I N INNtK 
KEFLtCTOK A N D CO«E SUPfOKT K i N G 
GAGE 
N O 
T-40I 
T-402 
T-403 
T-404 
T-405 
T-406 
T-407 
T-40e 
T-421 
T-423 
T-437 
T-438 
T-447 
T-448 
T-449 
T-450 
T-451 
T-452 
T-453 
T-454 
T-455 
T-456 
T-457 
T 458 
T 459 
T-460 
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230 
230 
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170 
170 
50 
50 
290 
290 
290 
10 
50 
170 
290 
nifrumenf 
eo 
ea 
eo 
eo 
eo 
eo 
•o 
eo 
ao 
eo 
ec 
eo 
eo 
eo 
eo 
ea 
K 
INCH 
19 9 
19.2 
19 9 
19 2 
19 9 
19 2 
19 9 
19 2 
19 8 
19 8 
19 5 
20 4 
cfwnber 
clKintbcr 
chofflbcr 
cfiomber 
cfwmber 
cfioinber 
cfiomber 
cfwmber 
chamber 
cfwmber 
cfximber 
clumber 
cfiomber 
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cfximber 
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18 7 
18 7 
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6 4 
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17 3 
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29 1 
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45 9 
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42 3 
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TABLE 2 
SUMMARY OF CORE INSTRUMENTATION 
Instnment 
DeslgMtion 
DP7a 
DP705 
DI706 
DP707 
DP708 
DF709 
DP761 
DF766 
DF7U 
np'ao 
DP722 
DP730 
DP7t2 
DP762 
DP716 
DP72J. 
DP732 
DP71.0 
DP71.3 
DP751 
DP763 
DP718 
DP726 
DP73t 
DP736 
DP738 
DP7U 
DP7t6 
DP76J. 
DP767 
DPn9 
DI727 
DF735 
DF737 
DP7J.7 
DF7/.8 
DP765 
T720 
T726 
T730 
T732 
T735 
T739 
Loeatloo of Cor* Instnaentatlon 
Cluster Assambljr 
Elenent 4 Hole I* 
0-00-D-13 
l-Dt-D-13 
J-Dt-D-13 
5-Di-D-13 
3-J7-K-18 
5_J7-1C-18 
l-tr-Q-lS 
1-J6-K- 2 
l-Di-O- 7 
n-oo-&- 7 
3-Dt-D- 7 
5-Dt-D- 7 
3-J7-K-16 
1-G7-Q. 7 
1-Di,-G-13 
3-Dt-G-13 
5-Dt-G-13 
l.J9-P_18 
O.OO-G-13 
5-J9-P-18 
1-G7-G- J. 
l-D/i-G- 7 
3-D1.-G- 7 
5-Dt-G- 7 
0-00-0- 7 
1_J7-K-18 
3-J6-H-18 
5-J6-H-18 
1-C7-C-13 
1_J6-H- 2 
l-Qt-G- li 
3-at,-c- /. 
5-Dt-G- 1. 
1-J7-K-16 
0-00-C- U 
5-J7-K-16 
1-G7-0- 7 
. 
-
-
1-E5-B- 7 
3-K5-B- 7 
5-E5-B- 7 
Face of 
Elenent 
C 
C 
C 
C 
D 
D 
C 
A 
r 
F 
F 
F 
E 
F 
C 
C 
C 
D 
C 
D 
B 
F 
F 
F 
F 
D 
D 
D 
C 
A 
B 
B 
B 
E 
B 
E 
F 
Core Inl 
Core Inl 
Core Inl 
Core Exit 
Core Exit 
Length trxm. 
Top of Puel-^ 
(inches) 
+ 7.16 
+ 7.16 
+ 7.16 
+ 7.16 
+ 7.16 
+ 7.16 
+ 7.16 
+ 7.16 
•f- 18.to 
+ 18.to 
-r 18.to 
+ 18.W 
+ 18.to 
+ 18.t0 
+ 29.65 
+ 29.65 
+ 29.65 
+ 29.65 
+ 29.65 
+ 29.65 
+ 29.65 
+ t o . 90 
+ t o . 90 
+ to . 90 
+ t o . 90 
+ to.90 
* t o . 90 
+ to.90 
+ t0.90 
+ to.90 
+ t6.52 
+ t6.52 
+ t6.52 
+ t6.52 
+ t6.52 
+ t6.52 
+ t6.52 
t Plenum 
t Plenum 
t Plenum 
* 5t. 7 
' 5t . 7 
Core Exit 1 ^ 5U. y 
Approxl««te 
Radius 
(inches) 
0 
7.5 
7.5 
7.5 
17.5 
17.5 
13.5 
17.5 
7.5 
0 
7.5 
7.5 
17.5 
13.5 
7.5 
7.5 
7.5 
17.5 
0 
17.5 
13.5 
7.5 
7.5 
7.5 
0 
17.5 
17.5 
17.5 
13.5 
17.5 
7.5 
7.5 
7.5 
17.5 
0 
17.5 
13.5 
I t . 8 
l t . 6 
u.e 
8.5 
8.5 
8.5 
Approxlmat* 
Azimuth 
(degrees) 
_ 
t5 
165 
285 
165 
285 
t5 
t5 
t5 
-165 
285 
165 
t5 
t5 
165 
285 
t5 
-285 
t5 
t5 
165 
285 
-t5 
165 
285 
t5 
t5 
t5 
165 
285 
t5 
-285 
t5 
0 
120 
2t0 
t5 
165 
285 
Type of 
Sensor 
Differential Preaaur* 
Differential Praaaure 
Differential Praaaure 
Differential Praaaure 
Differential Presaura 
Differential Preaaur* 
Differential Preaaur* 
Differential Preaaura 
Differential Preaaure 
Differential Presaure 
Differential Preaaure 
Differential Preaaure 
Differential Preaaure 
Differential Preaaure 
Differential Preaaura 
Differential Preaaur* 
Differantial Pr*aaur* 
Dlffarvntial Praaaur* 
Differential Preaaur* 
Differential Prvaaur* 
Differential Preaaur* 
Dlff*r*ntlal Prvasur* 
Differential Preaaure 
Differential Preaaur* 
Differential Prassur* 
Differential Prvasure 
Differential Preaaure 
Differential Preaaur* 
Differential Preaaura 
Differential Praaaure 
Differential Praaaure 
Differential Preaaur* 
Dlf fermtla l Pr*aaura 
Differential Pressure 
Differential Preaaure 
Differential Preaaura 
Tharmoeeupl* 
T)i*rmocaupla 
Thermocouple 
Thermocouple 
Thermocouple 
ThermocOTtple 
TABLE 2 (CONTINUED) 
Inatrument 
Designation 
T710 
T711 
T712 
T713 
T7U 
T715 
n i 6 
T717 
T718 
S709 
S710 
S712 
S715 
3726 
3728 
3732 
3735 
3739 
S7t0 
S77t 
S775 
3776 
S777 
S757 
3758 
S759 
S760 
3761 
3762 
3763 
S76t 
S765 
3766 
3767 
37 68 
G707 
G708 
G709 
C710 
(7711 
G712 
Cluster Assembly 
Element 4 Hole 1 
3-J9-tJ-13 
5-J9-U-13 
5-Et-A- 1 
3-J9-R-18 
3-J9-W-18 
3-J9-V- t 
^J9-T-18 
2-J9-T-18 
t-J<^T-18 
5-Et-E-17 
5-Et-F- 1 
5-Et-C- 3 
5-Et-C-19 
5-Et-A- 9 
5-Et-F- 2 
5-Et-F-13 
5.Et-C- 7 
5-Et-C-18 
5-Et-A- 3 
5-J7-F- 2 
5-J7-F- 1 
5-J7-F-17 
5-J7-F-13 
2-Bl-A 
2-Bl-A 
2-Gl-A 
2-Gl-A 
t-Bl-A 
t-Bl-A 
3-JO-A 
3-J9-A 
5-B2-A 
5-B2-A 
5-C7-A 
5-C7-A 
6-H5-C-13 
O-OO-F-16 
(VOO-B-16 
t-C2-C- 2 
t-H5_C-13 
6-H3-G- 2 
Location of Core Instrumentation 
Face of 
Elemnnt 
C 
C 
A 
D 
C 
B 
D 
0 
D 
C 
A 
F 
D 
E 
A 
C 
F 
D 
B 
A 
A 
D 
C 
Tie Rod 
Tie Rod 
Tie Rod 
Tie Rod 
Tie Rod 
Tie Rod 
Tie Rod 
Tie Rod 
Tie Rod 
Tie Rod 
Tie Rod 
Tie Rod 
C 
E 
E 
A 
C 
A 
Length fnaL, 
Top of Fuel^ 
(inches) 
+ U.5 
+ t2.0 
+ 25.8 
+ 25.8 
+ 3.2 
+ 50.8 
+ 8.6 
+ 19.8 
+ 47.9 
+ 26.5 
+ 26.5 
+ 26.5 
+ 26.5 
+ 26.5 
+ 3.9 
+ 3.9 
+ 3.9 
+ 3.9 
+ 26.5 
+ 3.9 
+ 26.5 
+ 3.9 
+ 26.5 
- 5.0 
- 5.0 
- 5.0 
- 5.0 
- 5.0 
- 5.0 
- 5.0 
- 5.0 
- 5.0 
- 5.0 
- 5.0 
- 5.0 
+ 53.8 
+ 53.8 
+ 53.8 
+ 53.8 
+ 53.6 
f 53.8 
Apprtndxata 
Radio* 
(inchea) 
17.0 
17.5 
8.5 
15.5 
16.0 
16.0 
17.5 
17.0 
17.0 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
17.0 
17.0 
17.0 
17.0 
t.O 
t.O 
U.5 
U.5 
t.O 
t.O 
15.5 
15.5 
t.O 
t.O 
13.0 
13.0 
U.O 
0 
0 
12.0 
U.O 
U.O 
Approxlmat* 
Azimuth 
(degreea) 
180 
300 
285 
180 
180 
180 
0 
120 
300 
285 
285 
285 
285 
285 
285 
285 
285 
285 
285 
285 
285 
285 
285 
t5 
t5 
t5 
t5 
180 
180 
180 
IBO 
285 
285 
285 
285 
330 
-
« 180 
210 
315 
Type of 
Senaor 
Thermocouple 
Thermocouple 
Thermocouple 
Thermocouple 
Thermocouple 
Thermocouple 
niermocouple 
TheiwocOTiple 
Theraoeoupla 
Strain Gage 
Strain Gage 
Strain Gage 
Strain Gage 
Strain Gage 
Strain Gage 
Strain Gage 
Strain Cage 
Strain Cage 
Strain Gage 
Strmln Gage 
Strain Gage 
Strmln Gage 
Strmln Gage 
Stralii Gag* 
Strain Gag* 
Strain Gag* 
Strain Gage 
Strain Cage 
Strain Gage 
Strain Gag* 
Strain Gag* 
Strain Cage 
Strain Gag* 
Strain Gag* 
Strain Gage 
AeeeleroBatar 
Ace*laroa*t*r 
Acc*l*rcB*t«r 
AccalarOBatar 
Acc*l*reM*t*r 
Acc*larom*t*r 
NOTE: 1, Poaitive sign indlcatea that measorsMnt 
la from top of fuel toiiard aft end. 
NegatiTe sign Indicate* that senaor 
Is located above core ( i . e . forward). 
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is plugged at the top and bottom and is dr i l led radial ly to enter the chamber between seal seg-
ments as shown in Figure 10. These probes are located between each effective seal at a point 
on the inner reflector 180 degrees from the corresponding seal pressure probe in a given seal 
chamber. The latter probes are used to measure seal pressures, whereas the pressurize probes 
are used either to admit gas to a seal region or bleed gas from the seal region. 
Every sensor used during the seal perturbation series was recorded continuously 
during the transient and steady-state portions of the test and must, therefore, be considered as 
a dynamic monitor of reactor stabi l i ty. However, because of the particular response character-
istics, more favorable locat ion, or previous indication of re l iab i l i ty , certain sensors were used 
as primary indicators of the dynamic behavior of reactor components during the tests. These 
include: 
(1) Core support block accelerometers. 
(2) Lateral support spring strain gages. 
(3) Fuel element strain gages. 
(4) Tie rod strain gages. 
(5) High speed photography of the core support blocks. 
B. Test Operation 
The flow system at WANHES used in the seal perturbation tests was described in 
the first Plugged Core Flow Test Report and is part ia l ly i l lustrated in Figures 11 and 12. For 
these tests, the gaseous hydrogen storage sphere (20,000 SCF) and two gaseous hydrogen 
storage trailers (177,000 SCF) were used in parallel to provide the high pressure gas required. 
Using the two sources in this manner provided f u l l , undiminished flow at test pressures for a 
longer duration than could be attained wi th either source alone. As a result, a greater number 
of pressure holds could be tested during one test run. 
The test sequence consisted of providing controlled pressures at the vessel in let , 
core out let , and seal chambers, whi le pressure and flow distributions wi th in the core adjusted 
^^WftBfNTIAL 
RCSTHieTED DATA. 
n II r m nw , ITT I ^^  
® Astronuclear Laboratory 
Atomic Ener UAA 
CORE SUPPORT PLATE f; 
FUEL 
ELEMENT 
PLUG 
/^^ Astronuclear 
\ ^ Laboratory 
WANL-TME-1207 
TO EXTERNAL 
CONTROL VALVES 
SEAL PRESSURIZER 
PROBE 
CORE SUPPORT 
RING 
PLUGS 
SEAL SEGMENT 
INNER 
REFLECTOR 
RADIAL 
TAP 
PLUG 
FIGURE 10 
PRESSURIZER PROBE INSTALLATIONS IN SEALS 
603379-36A 
18 
rniiiriniiiiim
i 
)
* (^-m 
9 
(b--
9 
5
'
 (i>,-4
 j 
!<) 
'
-© 
(b—
] -<D 
^
 
I 
iiin 
ii
 
^
 
I
 
I
 !
 ,
 
=
 
;
 I
 I
 
'
 
-
lllililiili 
I
H
s
 
=
 c
 S
 t
 i'
 ?
 
^
 
®
AstronuclM
r 
Laboratory 
W
A
N
L-TM
E-1207 
FIGURE
 11 
PLUGGED
 CORE
 FLOW
 TEST
 SIM
PLIFIED
 
FLOW
 D
IAG
RA
M
 
/^^ Astronucliar 
\ r r / Laboratory 
WANL-TME-1207^ 
^ 
TRUNNION SUPPORT STAND 
FIGURE 12 
PLUGGED CORE FLOW TEST SHOWING PRESSURE VESSEL 
AND TRUNNION SUPPORT STAND, 
SEAL PRESSURE REGULATORS, AND PROCESS PIPING 
criMrinErm^i 
WANL-TME-1207 
to these boundary conditions. Vessel inlet pressure was control led through valve PCV- IA or 
PCV-IB from the high pressure supply by way of a primary sensing device and pneumatic trans-
mitter PT-1 monitoring pressure in the vessel inlet plenum. Similarly, pressures in the core 
inlet and outlet plenums were monitored by PT-2 and PT-3 and controlled by valves PCV-2 
and PCV-3. O r i f i ce meters 0 - 1 , 2, and 3 were used to measure flow rates in these streams. 
The control of seal pressures was accomplished in a somewhat different manner. 
High pressure hydrogen was supplied to the upstream side of valve PCV-5, and this valve con-
trol led the downstream pressure to a value sl ightly higher than core inlet pressure. The seal 
pressure regulators PCV-401 through PCV-416 were connected to the sixteen seal pressurizer 
probes and were used to control the pressure in each seal chamber. This was accomplished by 
a venting action (bleeding of gas from the chamber) or a pressurizing action (adding gas to the 
chamber) depending on whether or not the actual seal pressure was above or below the pressure 
level pre-set on the control valves. This pre-set actuator pressure was controlled remotely 
from the control room. Figure 13 schematically shows this control mode. 
In practice the seal pressure regulators were not used in the pressurizing mode since 
the net effect of increasing the seal pressures is to increase core bundling and stabi l i ty. In order 
to provide a core less stable than the normal model, seal pressures were lowered by employing 
the regulators in the venting mode. This was done for each test pressure by successively venting 
groups of four seals starting at the aft end of the core. Thus at a given core inlet pressure and 
pressure drop a steady-state test was conducted with no venting to provide a normal or control 
test. Hydrogen flow was then stopped and the reactor held at core out let pressure whi le the 
actuator pressures on the regulators to the last four seals were pre-set. A second steady-state 
test was then conducted with the four seals vented. This procedure was repeated until a l l sixteen 
seals were ful ly vented. 
Procedurally, the tests were conducted according to the fol lowing out l ine: 
(1) Complete functional check-out of al l systems. 
(2) Power turned on. 
®
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(3) Established purge flow to vent stacks. 
(4) Evacuated entire system to 5 mm Hg absolute. 
(5) Back-f i l led system with G N - at 30 psig. 
(6) Repeated evacuation and back- f i l l twice. 
(7) Connected hydrogen gas supply. 
(8) Brought system to atmospheric pressure and recorded cal ibrat ion of al l instru-
menh on tope recorder and oscil lograph. 
(9) Installed movie camera on test model. 
(10) Evacuated test cel l and turned warning lights on. 
(11) A l l pressure controls were pre-set. 
(12) Seal pressure regulator actuating pressures were pre-set. 
(13) Evacuated system to 5 mm Hg absolute. 
(14) Back- f i l led system to atmospheric pressure wi th gaseous hydrogen. 
(15) Ignited f lare. 
(16) Performed final countdown: 
Started time code generator. 
Started tape recorders and oscil lograph. 
Started flow and pressure recorders. 
Opened GH« supply valve. 
Actuated flow control valve PCV- IA or IB. 
Started cameras. 
Marked steady-state hold. 
(17) Check a l l systems for proper data acquisit ion. 
(18) Closed flow control valve PCV- IA or IB. 
(19) Pre-set seal regulator actuator pressures to second level . 
(20) Ramped operating pressures to second level and marked second hold. 
(21) Continued through prescribed series of pressure level holds. 
(22) Closed G H „ supply valve. 
23 
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(23) Vented system. 
(24) Turned off a l l recording instruments. 
(25) Purged system with gaseous nitrogen. 
(26) Evacuated system to 5 mm Hg absolute. 
(27) Back f i l led system with nitrogen. 
(28) Performed final instrument cal ibrat ion. 
(29) Disconnected hydrogen supply and secured system. 
Test data was sensed and transmitted by the internal sensors described in Section 
l l l - A above as well as by addit ional sources outside the pressure vessel. The signals from the 
internal sensors were handled by the basic 98 channel FM wideband and FM/FM data acquisition 
system shown in Figures 14 and 15. Many of the primary dynamic sensors such as accelerometers 
on the support blocks were recorded direct ly on the recording oscillograph for "qu ick - look" 
analysis of the test during and after the test and for indications of gross instabilit ies warranting 
a rapid shut-down during the test. 
In addit ion to the internal sensors, there were pneumatic transmitters in the core 
in let , core out let , vessel in let , and dome loop piping to monitor hydrogen pressures. These were 
recorded continuously on pressure recorders in the control room. As a back-up to the seal 
pressure transducers, a bank of precise pressure gages were tied into the seal pressure probes. 
This data was recorded on f i lm every second during the test by an automatic camera in the test 
ce l l . A closed c i rcui t TV system was also employed to view these pressure gages in the control 
room. Signals from differential pressure transmitters across the or i f i ce meter tops were recorded 
continuously on pneumatic flow recorders in the control room. Finally, a high speed movie 
camera operated at a speed of 250 frames per second was used to record the behavior of the aft 
surface of the core. 
C. Test Results 
The test series consisted of experiments at nominal core inlet pressures of 300, 500, 
and 700 psIa and nominal core pressure drops of 50, 90, and 130 psi in which increasingly severe 
24 
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TABLE 3 
COMPLETED EXPERIMENTS - SEAL PERTURBATION TEST SERIES 
Core 
Pressure Drop 
50 
90 
130 
Number of 
Sea Is Vented 
0 
4 
8 
12 
16 
0 
4 
8 
12 
16 
0 
4 
8 
12 
16 
V . U I B 
300 
17a 
17b 
17c 
17d 
17e 
17f 
17g 
17h 
18e 
18f 
18g 
18h 
22c 
i i i i c i r iBssuic V 
500 
18a 
18b 
18c 
18d 
19a 
19b 
19c 
I9d 
19e 
19f 
20b 
20c 
22b 
f»iuy 
700 
. . . 
— 
. . . 
: : : 
21a 
21b 
21c 
21d 
22a 
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perturbations were imposed on ambient temperature reactor operating conditions. Perturbation 
of the normal operating condition was achieved by successively venting groups of four seals 
commencing at the aft end of the reactor. The experiments conducted and their respective test 
designation ore shown in Table 3. They were conducted in a systematic manner in order of 
increasing core inlet pressure, core pressure drop, and number of seals vented. This technique 
permitted a cautious approach in determining reactor stabi l i ty as a function of these three i n -
dependent variables in that the conditions conducive to reactor instabil i ty are enhanced by 
increasing pressure drop, core in let pressure, and number of vented seals. 
1. Seal Pressure Distribution 
Seal pressures were measured with Barton differential pressure gauges which 
were referenced as shown in Figure 16. The differential pressure across one or more seals was 
measured and the absolute seal pressure determined by successively subtracting this value from 
the reference or seal pressure above i t . It should be noted that a l l seal pressures were then 
referenced against core inlet pressure. This pressure was measured by three separate instruments: 
strain gauge pressure transducer P703, pneumatic pressure transmitter PT-2, and a Heise gauge. 
The accuracy of this measurement and the entire seal pressure profi le could be further dhecked 
by calculat ing the aft end pressure (P710), by successive subtraction of the seal differential 
pressures from the core inlet pressure (P703), and comparing this with the measured value. The 
oft end pressure was also measured by three separate instruments: strain gauge pressure transducer 
P710, pneumatic pressure transmitter PT-3, and a Heise gauge. The values of the Barton d i f fer -
ential pressure gauges and Heise gauges were recorded on photographic fi lm approximately every 
two seconds. These measurements are estimated to be wi th in 3 percent of the true value, for 
95 percent confidence, for a l l pressure levels. 
A parallel seal pressure measurement system of 0 to 50 psid differential 
pressure transducers were also employed. Thissystemis depicted by the dotted lines in Rgure 
16. The accuracy of this means of seal pressure measurement was previously reported as 8 
percent o f the average value at the 95 percent confidence level (WANL-TME-792). The 
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results obtained are in generally good agreement with the data as measured by the Barton 
pressure transducers. However, no attempt was mode to calculate on average seal profi le as 
measured by both systems because of the generally superior results of the Barton system and 
because of incomplete pressure measurements due to differential pressure transducer fai lure. 
Seal pressure profiles ore graphical ly presented in sets of perturbed and un-
perturbed operating conditions. Figures 17, 18, and 19 show profiles attained for core pressure 
drop of 130 psi. For c lar i ty , only three profiles are presented in each figure, namely, an 
unperturbed control test, and tests with the lost 8 and 16 seals vented. Two comparisons are 
shown between unperturbed tests and 12 vented seals for core inlet pressures of 300 and 500 
psia and core pressure drops of 90 psi. Data for these tests and those not graphically displayed 
ore presented In Appendix A. 
In a l l cases, the effect of successive venting is apparent in the seal profiles. 
A controlled perturbation of increasing severity was successfully achieved. The maximum 
decrease in seal pressure occurred in the 30-inch elevation region and was of the order of 30 
psi for core pressure drops of 130 psi. A maximum of 0. 35 lb/sec of hydrogen was vented from 
the seals through "pressurizer probes" to attain this pressure decrease. Further decreases in 
seal pressure could not be attained due to a choked flow condit ion in the probes. 
2. Core Interelement Pressure Distribution 
Core interelement pressures were measured through probes between elements 
by differential pressure transducers located on the core support plate. General ly, the pressures 
were monitored at three azimuthol, f ive ax ia l , and four radial positions, as shown in Table 2. 
The differential pressure transducers at each axial station were referenced against the seal 
pressure at the same elevation. Hence these pressures are based on core inlet pressure In a 
manner similar to that noted in the previous section. A more detailed discussion of this 
measurement technique is found in WANL-TME-792. 
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Detai led pressure measurements for the pertinent tests performed are tabulated 
in Appendix B. Figures 20 through 31 present core radial pressure profiles and isobar plots for 
core inlet pressures of 300, 500, and 700 psia, core pressure drops of 130 psi, and unperturbed 
and 16 seal vent conditions. Addit ional pressure profiles are presented in Appendix B. The 
core pressure profiles drown through the experimental points are based on several considerations. 
These are: 
(a) Best f i t to experimental points. 
(b) Consideration of isobar plots. 
(c) Consideration of a physically consistent flow model for a l l tests. 
(d) Theoretical considerations. 
One must examine each of these considerations with ful l realization of the uncertainties. These 
are: 
(a) Lack of sufficient pressure data radial ly and ax ia l ly which necessitated 
large interpolations of data. 
(b) Lack of defini t ion or basic knowledge of the cr i t ical aft end of the 
core with its rising pressure gradient. 
(c) Inaccuracy inherent in making the two dimensional representation or 
projection of the three dimensional flow patterns in the reactor. 
(d) Lack of sufficient azimuthol probes to more nearly approximate the 
azimuthol variations in pressure. 
The radial pressure profiles and isobar plots are based on the assumption of 
azimuthol symmetry. This assumption appears to be correct, wi th in the accuracy of interelement 
pressure measurements, based on the data avai lable to dote. Hence the pressure profiles and 
isobar plots are drown as the best f i t to al l points, at a given elevat ion, irrespective of their 
azimuthol position. In addi t ion, axial pressure profiles were considered to insure a physically 
consistent set of radial profiles in progressing from elevation to elevation. Finally, the pressure 
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profiles must yield a consistent isobar plot, that is, isobars may not cross one another ( i . e . , 
it is impossible to hove two pressures existing at the same point in space) and should form a 
reasonable family of curves consistent with a flow pattern. It is assumed that streamlines are 
orthogonal to lines of constant pressure in accordance with the classical relations between 
velocity potential and stream function. 
The sporsity of pressure probes and large interpolations of data leave the 
analyst with some latitude in drawing the core pressure profiles and isobar plots. The curves 
presented should not be taken as a precise mapping of core Flow phenomenon but rather as a 
consistent and reasonable description of the overall flow patterns. 
The profiles generally indicate radial inflow from tfie seal region along the 
first four-fifths of the core and radial outflow along ttie remaining fifth. The degree of outflow 
observed along the last fifth of the core periphery appears to increase in proportion to the 
severity with which the seals are vented. This is inferred from the general widening and deep-
ening of the "trough" extending from the aft end cx>mer of the core up into its interior and the 
generally increased radial pressure gradient. As has been previously noted, this outflow can 
be construed from the high pressure area existing at the 46-inch elevation. In the majority of 
the isobar plots drown, a high pressure area is shown extending along tfie centerline from 
approximately the 22-inch elevation to the aft end. The area of high pressure is relatively 
flat, physically analogous to a plateau. This is indicated by the fact tfiot the centerline probes 
at the lost three elevations ore within 5 psi of one another (a value of the same order of magnitude 
as the error of measurement). However, in at least one Instance (FFL-17-21a) o distinct pressure 
rise is shown to exist. A full understanding of this flow phenomenon remains to be achieved. 
The pressure profiles and flow patterns below the 46-inch elevation are un-
certain. This is largely due to the unknown interaction of the 3/4-inch undercut at the aft end of 
the elements and the interlocking support block system. Should the undercut area provide an essen-
tially low flow impedance while the support blocks form essentially a barrier, there would be con-
siderable outflow at the core periphery from the 48 to 52-inch elevations. However, should 
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the support block flow impedance be more nearly equal to the flow impedance of the undercut, 
a more axial flow could be expected. The two extremes are shown in the form of isobar plots 
in Figure 32. Obviously, a f low scheme intermediate to the two shown could exist depending 
on the relat ive flow impedances of the two areas. 
Comparison of the seal pressure profiles with axial plots of core interelement 
pressures readily indicate the degree of f lu id core bundling achieved. By f lu id core bundling 
we mean the radial forces act ing on core elements due only to radial pressure gradients. 
Figures 33 and 35 present axial plots for a nominal core inlet pressure of 700 psia and nominal 
core pressure drop of 130 psi at unperturbed and 16 seal vent conditions. Core bundling 
pressures were found by determining the pressure difference from one axial profi le to another. 
These results are plotted in Figures 34 and 36. Maximum positive core bundling pressure 
(positive bundling pressure is taken to mean that the net forces act toward the core centerl ine) 
for the unperturbed condit ion Is found between the seal and the 7 .5- inch radius at the 12-inch 
elevation and is of the order of 68 psi. A positive bundling pressure existed between the seals 
and the 7 .5- inch radius from the core inlet to the 46- inch elevat ion. A negative bundling 
pressure was apparent between the core centerl ine and the 7. 5- inch radius. The maximum 
negative bundling pressure calculated is 28 psi at the 20-inch elevation. Core bundling 
pressures for the 16 seal vent condition were similar to that observed for the unperturbed con-
d i t ion. However, positive bundling pressures were approximately 20 percent lower, and 
negative bundling pressure approximately 20 percent higher than the unperturbed condit ion. 
The net core bundling pressure, from seal to core centerl ine, for both perturbed and unperturbed 
conditions, was positive wi th the exception of the last 8 to 10-inches of the core, where a net 
negative bundling pressure was observed. 
3. Flow Rates 
During unperturbed steady state runs only two f lu id streams are of concern, 
namely, reflector inlet flow as measured by or i f ice meter 0 - 1 , and vessel out let f low as measured 
./ 
48 
® Astronuclear Laboratory 
44 
46 
i 
LU 
- J 
UJ 
- J 
< 
X 
< 
LU 
Of 
8 
48 
50 
52 
54 
56 
y////^¥?¥^¥¥/////i 
I I I J I L 
® Astronuclear Laboratory 
WANL-TME-1207 
18 0 2 4 6 8 10 12 14 16 
DISTANCE FROM CENTERLINE (INCHES) 
FLOW PATTERN 
SUPPORT BLOCK FLOW IMPEDANCE»UNDERCUT FLOW IMPEDANCE 
42 
44 
O , 
p: 46 
< 
§ 48 
^ 50 
< 
UJ 
o 
u 
52 
54 
56 
ISOBARS -
/////?¥9h W^^////// 
± I I L _L J I L 
18 0 2 4 6 8 10 12 14 16 
DISTANCE FROM CENTERLINE (INCHES) 
FLOW PATTERN 
SUPPORT BLOCK FLOW IMPEDANCE ^UNDERCUT FLOW IMPEDANCE 
FIGURE 32 
603379-22B 
FLOW AT A F END OF CORE 
r » 7 49 
^ ^^ li«il • Nl VJMI v j r l i j f ' ® Astronuclear Laboratory 
WANL-TME-1207 
700 
650 
? 
t / i 
a. 
UJ 
CA 
§ 600 
UJ 
a. 
550 
inn 
1 1 1 1 
^WCENTERLINE 
— 
1 1 1 1 
1 1 
^ ^ E A L 
1 1 
1 1 1 1 1 1 1 
AXIAL CORE PRESSURE PROFILE 
CORE INLET PRESSURE • 700 PSIA 
CORE PRESSURE DROP - 130 PSI 
N O SEALS VENTED 
^ ^ « v 
^ V 
^^ ^ 
^ ^ 
^V 
•C"—^\. ~\ 
^^^ADIUS » 7.50 X X \ 
1 1 1 1 1 1 1 1 
12 16 20 24 28 32 36 
CORE STATION (INCHES) 
40 44 48 52 56 
603379-25B 
FIGURE 33 
AXIAL CORE PRESSURE PROFILES - FFL-9-21a 
TA / ^ J ^ Astronuclear \ ^ Laboratory 
WANL-TME-1207 
20 24 28 32 36 
CORE STATION (INCHES) 
FIGURE 34 
FLUID CORE BUNDLING PROFILES - Fa-9-21a 
51 
gyXct - 1954 
/ ^ Astronuclear 
v ^ / Laboratory 
WANL-TME-1207 
700 
650 
Q. 
a: 
UJ 600 -
550 -
500 
1 
\ 
1 
1 1 1 
\ ^ CENTERLINE 
1 1 1 
1 1 1 1 1 1 1 1 1 
AXIAL CORE PRESSURE PROFILE 
CORE INLET PRESSURE = 700 PSIA 
CORE PRESSURE DROP - 130 PSI 
16 SEALS VENTED 
^ V ^ E A L 
—"^ 7.50 RADIUS J X ^ \ 
1 1 1 1 1 1 1 1 1 
— 
8 12 16 20 24 28 32 36 
CORE STATION (INCHES) 
40 44 48 52 56 
603379-24B 
FIGURE 35 
AXIAL CORE PRESSURE PROFILES - FFL-9-22a 
MHMM MMiMipSMk»««*»»" 52 
® Astronuclear Laboratory 
WANL-TME-1207 
16 20 24 28 32 
CORE STATION (INCHES) 
40 44 48 52 
603379-26B 
FIGURE 36 
FLUID CORE BUNDLING PROFILES - FFL-9-22a 
® Astronuclear _ ^ Laboratory 
WANL-TME-1207 
by or i f ice meter 0-3 (see Figure 11). For unperturbed steady state runs these two measurements 
agreed wi th in 2 percent. A third f luid stream Is introduced during seal perturbation runs. The 
amount of hydrogen vented through the seal pressurizer probes was determined from the difference 
between the reflector inlet flow and the vessel outlet f low. A summary of the mass flow data is 
presented in Table 4. The mass flow rates for unperturbed steady state runs are plotted against 
the product of core inlet pressure and core pressure drop In Figure 37, The curve Is the pre-
viously reported best f i t curve for the steady state test series. Present data show excellent 
agreement with results previously reported. 
Venting the seals tended to Increase reflector inlet flow and decrease vessel 
outlet f low. The effect became more pronounced with Increasing severity of seal vent. The 
maximum flow rate was achieved with a core Inlet pressure of 700 psia and core pressure drop 
of 130 psi. The flow rates were 0.778 lbs/sec at the reflector Inlet, 0.433 lbs/sec at the 
vessel outlet and 0. 345 lbs/sec vented through the seal probes. 
4. Mechanical Stress, Strain and Component Movement 
Data from seven lateral support springs instrumented with strain gauges were 
recorded. They provided data on plunger pin movement and the mechanical stabi l i ty of the 
core. Prior to assembly the strain gauges were calibrated to give plunger pin movement in 
terms of the lateral support spring strain rate. It Is estimated that the given values for pin 
movement are correct at the 95 percent confidence level to wi th in 15 percent. 
Pin movement Is caused by one or both of two motions: a deflect ion of the 
Inner reflector barrel and a movement of the core. In general, the graphite barrel should de-
f lect Inward toward the core under the influence of the higher pressure level on Its external 
(or outer) surface. The barrel may assume an el l ip t ica l shape under these loading conditions. 
The core may either broom or compress depending on such factors as pressure, core pressure 
drop, axial location, and flow rate. Because there were insufficient sensors avai lable and no 
stationery reference point, the effects of core movement and barrel movement could not be 
separated. 
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TABLE 4 
FFL-9 
MASS FLOW RATES 
SEAL PERTURBATION SERIES 
I 
Run No. 
17o 
17b 
17e 
17d 
18a 
18b 
18e 
18d 
17. 
17f 
178 
17h 
18* 
18f 
18g 
18h 
22e 
19a 
19b 
19c 
19d 
19. 
19f 
20b 
20c 
22b 
21a 
21b 
21c 
21 d 
22a 
Cor* Inlat 
Tamparetur* 
'^ 
Cf) 
(70) 
(70) 
(70) 
(70) 
83.0 
85,3 
83.4 
81.5 
(70) 
(70) 
(70) 
(70) 
83,5 
83,5 
83,5 
81.5 
74.4 
92.2 
89.9 
87.6 
87.6 
87,6 
87.6 
69.5 
65.5 
74.4 
93.2 
91.0 
91.0 
91.0 
80.4 
Cor* Outl*l 
Tamparatur* 
^2 
(°F) 
(70) 
(70) 
(70) 
(70) 
83,1 
83.9 
82.7 
82.3 
(70) 
(70) 
(70) 
(70) 
82.3 
82.3 
82.7 
79.2 
41.5 
85.5 
85.5 
85.5 
85.5 
85.5 
85.5 
61.3 
62.8 
45.0 
86,6 
86.6 
85.4 
84.4 
56.3 
PAPxIO"^ 
13.75 
13.75 
13.75 
13.75 
19,78 
28.00 
25.20 
25.20 
26.01 
26.01 
27.97 
26.01 
40.60 
40.13 
41.04 
40.13 
39.60 
51.40 
51.40 
45.36 
50.90 
65.52 
75.60 
68.72 
62.38 
65.50 
88.20 
91.00 
92.40 
91.70 
88.25 
Core 
Inlal 
Pressure 
•"l 
(p»ia) 
299 
299 
299 
299 
494 
509 
504 
504 
299 
299 
304 
299 
303 
304 
304 
304 
300 
514 
514 
504 
509 
504 
504 
509 
499 
500 
699 
699 
699 
699 
699 
Core 
AP 
(p.i) 
46 
46 
46 
46 
40 
55 
50 
50 
87 
87 
92 
87 
134 
132 
135 
132 
132 
100 
100 
90 
100 
130 
140 
135 
125 
131 
126 
130 
132 
131 
126 
N 
V 
0 
4 
8 
12 
0 
4 
8 
12 
0 
4 
8 
12 
0 
4 
8 
12 
16 
0 
4 
8 
12 
0 
4 
8 
12 
16 
0 
4 
8 
12 
16 
Core 
Inlet 
Flow 
M, 
lb/sec 
.234 
.205 
,215 
.240 
.272 
,309 
.308 
.332 
.290 
,284 
,306 
,328 
,341 
,336 
.355 
.370 
.413 
.416 
.404 
.407 
.447 
.443 
.479 
.491 
.511 
.632 
.598 
.566 
.603 
.636 
.778 
Core 
Outlet 
Flow 
^3 
lb/sec 
.236 
.183 
.157 
.152 
.266 
.272 
.240 
,205 
,301 
,257 
,242 
.229 
.346 
,321 
.288 
.280 
.262 
,410 
,362 
.317 
.314 
,470 
.437 
.413 
.374 
.356 
.604 
.543 
.506 
.472 
.433 
Saol 
V*nt 
Flow 
^ 
lb/s*c 
- .002 
.022 
.048 
.088 
.006 
.027 
.068 
.127 
- .011 
.027 
.064 
.099 
- . 005 
.015 
.067 
,090 
.151 
.006 
.042 
.090 
.133 
- .027 
.042 
.078 
.137 
.276 
- .006 
.023 
.097 
.164 
.345 
( ) Indlcatw estimated values. 
N Indicates number of seals vented. 
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Rgures 44 through 49 In Appendix C i l lustrate typical results for the test 
series. Apparent pin movement is plotted against axial core location at two azimuthal positions, 
50 and 270 . The fact that the strain curves do not coincide Indicates an unsymmetric de -
f lect ion of either the core or the barrel. The curves were drawn through the measured values 
and reflect the general shape found and reported in the earlier phases of this test series. 
As previously reported , pin movement increased with pressure level and 
pressure drop across the core and barrel. The effect of venting the seals on pin movement is 
indeterminate. It is evident that venting the seals w i l l tend to increase any inward movement 
of the inner reflector. Similarly the decreased bundling pressure on the core would tend to 
promote any tendency for the core to "broom". The result o f these two effects, act ing inde-
pendently or in concert, would tend to increase pin movement. No trend In this direction 
could be conclusively drawn from the data. The obscuring feature might be that the plunger 
pins do not return to their original position at the end of each test. This could be caused by 
fr ict ion or the plunger pin cocking In the hole. Rebalancing the strain grids prior to each test 
ef fect ively assigns a new zero reference on which pin movement is based. Hence further 
measurements are distorted by the false base. A study of the pin movement data (Table 7, 
Appendix C) indicates that the possible effect of seal venting on pin movement is of the order 
of 5 mils. This could easily be obscured by the shifting base of measurement for pin movement. 
Strain measurements on two t ie rods and two elements were recorded in the 
course of each run. The results are tabulated in Table 7, Appendix C. The two t ie rod strain 
measurements agreed wi th each other wi th in 14 percent. The highest stress recorded was 57,600 
psi, which occurred during FFL-9-18g, for a core pressure drop of 130 psi. The variation In 
measurement from t ie rod to t ie rod can largely be attr ibuted to the fr ict ional and interlocking 
forces created by adjacent clusters on the faces and support block of each cluster. Figure 38 
shows a force diagram for a typical in-core cluster. From elementary statics we have 
P core in let + f + w - P core out let = F 
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or 
AP + (f + w) = F 
where F = t ie rod force 
AP = force due to core pressure drop 
f = fr ict ional and interlocking forces 
w = weight of cluster 
During cal ibrat ion, which occurs during a no-f low condit ion ( I . e . , AP = 0), the strain gauge 
bridge Is balanced. The weight of the cluster and any residual forces due to Intercluster 
fr ict ion are deleted. We then effect ively have the fol lowing force balance, as seen by the 
strain gr id , for the test in question. 
AP + f - (f + w) = F 
r 
in which f represents residual f r ict ion forces. The under or overstatement of the t ie rod load-
ing is then dependent upon the magnitude and direction of the residual fr ict ion forces. In that 
this varies from cluster to cluster, the variations In t ie rod strain measurements are understand-
able. 
Element strain measurements are presented in Table 7, Appendix C. As was 
the case In the preceding discussions of strain measurements, these strain gauge bridges were of 
necessity balanced prior to each test, thereby eliminating any residual stresses. This appears to 
be reflected in the large variation in strain measurements. The largest strain recorded was 334 
micro-inches per inch (FFL-9-18g). 
5. Dynamic Behavior 
Investigation of aeromechanlcal stabi l i ty of the NRX-A design under partial 
and ful l power leakage flow rates with seal perturbations was a major object ive of the Plugged 
Core Flow Tests. The means used for monitoring parts of the reactor for vibration were as 
follows: 
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a. Accelerometers on the core support blocks. 
b. High speed motion pictures of the core support blocks. 
c. Microphones In the core out let plenum. 
d. Strain gauges on the lateral support springs. 
e. Differential pressure transducers on the probes In the seal chambers 
Strain gauges on the inner reflector, 
g. Strain gauges on the t ie rods, 
h. Strain gauges on the fuel elements. 
Close review of a l l data records produced no evidence of signif icant vibration 
or instabil i t ies. The most rel iable and sensitive instruments for detecting core Instabil ity were 
the core support block accelerometers and high speed motion pictures. The accelerometer output 
was recorded on a visicorder wi th galvanometers having a f lat response from 0 - 1000 cycles per 
second ( i . e . , there would be no distortion In acceleration measurements for frequencies from 0 
to 1000 cycles per second). The smallest detectable vibration by this means was 0. 3 g. High 
speed motion pictures were projected on a screen to sl ight ly larger than actual size. O f the 
f ive different observers of the films, a l l concluded that no signif icant movements or sustained 
vibrations could be discerned. In no test did the accelerometer or other dynamic measurements 
indicate sustained vibrations. 
I I I . CONCLUSION A N D SUMAAARY 
The Seal Perturbation Series of experiments performed on the ND 20702 reactor (Plugged 
Core) conclusively demonstrated the overall stabi l i ty of the N R X - A l design configurations 
wi th in the envelope of conditions explored. These conditions were ambient temperature hydrogen 
f low, at core inlet pressures from 100 to 700 psia, and core pressure drops from 0 to 130 psi. The 
introduction of varying degrees of seal venting, simulating a decrease In pressure around the core 
periphery, caused no signif icant or sustained vibrat ion. Comparison of perturbed and unperturbed 
operating conditions showed a decrease in core bundling forces due to f luid pressure profiles. 
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The vented seals appear to Increase the severity of f lu id outf low observed along the last f i f th 
of the core periphery above that expected for the unperturbed case. In both perturbed and un-
perturbed operating conditions, core inflow existed along the first four-f i f ths of the core. 
Mechanical measurements of stress, strain and movements were comparable to those reported 
in WANL-TME-792, "Plugged Core Flow Test Report Phase I Tests. " Comparison of these 
measurements between perturbed and unperturbed operating conditions showed no signif icant 
deviations or meaningful trends. 
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TABLE 5 
SEAL PRESSURE PROFILE DATA 
TEST NUMBER 21a 21c 22a 19e 20b 22b 13e 22c I9o 19d 17e 17h 
Core Inlet Pressure (psia) 
Core Pressure Drop (psid) 
Number of Seals Vented 
Seol 
Designation 
P703 
DP 416 
DP 401 
DP 409 
DP 402 
DP 410 
DP 403 
DP 411 
DP 404 
DP 412 
DP 405 
DP 413 
DP 406 
DP 414 
DP 407 
DP 415 
DP 408 
P710 
Elevation 
(inches) 
0.0 
4.34 
7.16 
9.47 
12.80 
15.60 
18.40 
21.20 
24.00 
26.80 
29.65 
32.50 
35.30 
38.10 
40.90 
43.70 
46.52 
54.20 
700.0 
130.0 
None 
699.3 
699.3 
695.1 
683.1 
677.1 
660.1 
654.8 
649.0 
639.2 
626.8 
617.3 
604.5 
588.5 
573.3 
700.0 
130.0 
8 
699.3 
699.3 
699.3 
677.3 
672.3 
647.3 
639.3 
631.4 
619.4 
606.8 
598.2 
588.2 
577.3 
567.0 
700.0 
130.0 
16 
699.3 
699.0 
682.9 
660.9 
654.2 
629.2 
622.8 
616.3 
607.1 
597.2 
592.2 
585.4 
578.6 
573.1 
500.0 
130.0 
None 
492.0 
492.0 
484.1 
474.1 
470.6 
455.6 
450.6 
455.2 
436.2 
425.2 
416.6 
404.2 
389.2 
374.2 
500.0 
130.0 
8 
493.4 
493.4 
489.3 
476.8 
472.3 
449.3 
441.7 
434.3 
423.3 
411.7 
403.2 
393.7 
383.8 
374.3 
500.0 
130.0 
16 
500.0 
500.0 
484.0 
462.0 
455.3 
430.3 
423.3 
416.7 
407.1 
397.2 
390.4 
383.0 
376.0 
369.4 
300.0 
130.0 
None 
Seal Pressure 
(psia) 
296.1 
292.6 
289.1 
279.1 
275.5 
260.5 
255.5 
250.0 
240.6 
229.6 
218.6 
205.2 
187.8 
169.3 
300.0 
130.0 
8 
298.6 
298.5 
294.7 
282.7 
278.2 
254.7 
246.7 
238.9 
226.9 
214.9 
204.3 
193.2 
180.6 
169.3 
300.0 
130.0 
16 
300.0 
300.0 
287.6 
268.6 
262.6 
238.6 
231.6 
224.8 
214.5 
204.3 
195.3 
186.1 
176.1 
167.5 
500.0 
90.0 
None 
501.9 
501.9 
498.8 
489.8 
487.0 
475.5 
471.7 
476.6 
460.6 
451.5 
445.1 
436.1 
424.9 
414.2 
500.0 
90.0 
12 
499.7 
499.6 
495.6 
482.6 
478.0 
460.0 
455.0 
450.2 
443.1 
436.7 
432.2 
426.2 
419.7 
414.2 
300.0 
90.0 
None 
301.6 
301.6 
298.6 
290.6 
288.0 
276.5 
272.5 
268.5 
261.5 
253.1 
245.7 
236.7 
225.3 
214.3 
300.0 
90.0 
12 
306.0 
306.0 
299.0 
287.0 
282.5 
265.0 
259.8 
254.9 
247.5 
239.6 
233.8 
227.3 
220.3 
2.413 
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TABLE 6 
INTERELEMENT PRESSURE DATA 
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Cr<r INLET TEMPERATURE (F)»83.5 
r,r>RF OUTLET TEMPERATURf tFI = y?.3 
SENSCR 
DESIGNATION 
r.PttOl 
DP707 
CPTtt 
cprei 
OP 701 
DP7C6 
DP7C8 
rP7C5 
SENSOR 
DESIGNATION 
OP403 
DP72C 
0P71^ 
DP73C 
DPT<2 
CP722 
CORt RADIAL 
CORL 
PRESSURI-
2 96. ) 
237.5 
?T7.3 
723. 7 
2 J5. > 
2 34.9 
296.7 
252.H 
CORE RADIAL 
CORE 
PRESSURE 
282.9 
2<t«.5 
210.1 
236.9 
282.9 
246.0 
P R O H L E tLFVATIfN 7.16 
i<ACIi;S 
le.cc 
7.50 
17.50 
13.50 
17.50 
7.50 
1 7.5C 
7.50 
ANGUL'^R 
LOCATION 
0. 
285. 
45. 
45. 
2fl5. 
165. 
165. 
45. 
PROt-ILE FLCVATION 18.'O 
RADIUS 
IB.CO 
C. 
7.50 
7.50 
17.50 
7.50 
ANGULAR 
LOCATir.M 
0. 
0. 
45. 
285. 
165. 
165. 
LLEVATION 
7.U. 
7.1ft 
7.16 
7.16 
7.1^ 
7.16 
7.U. 
7.U 
LLEVATION 
la.40 
18.4C 
18.40 
18.40 
18.40 
18.'+0 
CORE RADIAL PROFILE ELEVATION 29.(5 
SENSOR 
DESIGNATION 
0P4C5 
DP743 
CP763 
0P724 
DP74C 
0P7bl 
0P732 
CORE 
PRESSURE 
262.9 
214.5 
220.3 
193.5 
262.3 
261.4 
199.6 
RADIUS 
18.CO 
0. 
13.50 
7.50 
17.50 
17.50 
7.50 
ANGULAR 
LCCATKiN 
45. 
0. 
45. 
165. 
45. 
285. 
285. 
ELEVATION 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
CORE RADIAL PROFILE ELEVATION 40.90 
SENSCR 
DESIGNATION 
DP407 
DP736 
0P726 
0P746 
DP767 
'0P718 
DP738 
CORE 
PRESSURE 
226.0 
208.6 
194.8 
221.4 
726.5 
191.7 
?28.2 
RACIUS 
18.00 
0. 
7.5C 
17.50 
17.50 
7.50 
17.50 
ANGULAR 
LOCATION 
113. 
0. 
165. 
285. 
45. 
45. 
45. 
ELEVATION 
40.90 
40.90 
40.90 
40.9C 
40.9C 
40. 9C 
40.90 
CORE RADIAL PROFILe FLEVATION 46.52 
SENSOR 
DESIGNATION 
0P408 
DP747 
DP74a 
DP735 
OP737 
nP719 
DP727 
0P765 
CORE 
PRESSURF 
195.2 
214.3 
203.4 
720.4 
201.9 
721.4 
205.3 
210. r 
RADIUS 
18,CO 
C. 
17.50 
7.50 
17.5C 
7.50 
7.50 
13.50 
ANGULAR 
LOCATION 
353. 
0. 
235. 
285. 
45. 
45. 
165. 
45. 
ELtVATION 
46.57 
46.52 
46.52 
46.52 
46.52 
46.52 
46.5? 
46. 5i' 
CORE INTERELEMENT PRESSURES - FFL-9-18e 
A t o m ^ ^ ^ . - . ^ w A « i lOC.^ 
F F L - ) - l B F CORE I N L E T MKFSSIIKE ( P S I A ) = 1 0 j . l 
CORE PRESSU'<F DROP ( P S I D ) = M O . f t 
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CfiRE INLET TEMPERATURE IF1=83.5 
CDKF OUTLET TEMPERATURE (F)»82.3 
SENSCR 
DESIGNATION 
DP4C1 
CP 70P 
OP707 
f:P7Ct 
CP7G9 
CP7ei 
CP7t6 
CP7C5 
CORE RADIAL 
CORF 
PRbSSUKE 
799.7 
2 9^. 1 
240.7 
738. 1 
299.0 
226.7 
100.<1 
752.8 
PROFILE ELEVATION 7.16 
RADIUS 
18.00 
17.50 
7.5C 
7.50 
17.50 
13.50 
17 .50 
7.5C 
ANGULAR 
LCCATION 
0. 
165. 
285. 
165. 
2R5. 
45. 
45. 
45. 
ELEVATION 
7.16 
7.It 
7.16 
7.H 
7.16 
7.16 
7.It 
7.16 
CORE RADIAL PROFILE ELEVATION 1R.40 
SENSOR 
DESIGNATION 
DP403 
DP73C 
DP742 
DP722 
DP714 
OP720 
DP7t2 
CORE 
PRESSURE 
286. 1 
234.9 
285.4 
245.4 
212.P 
243.7 
2 79.0 
RADIUS 
18.00 
7.5(; 
17.50 
7.50 
7.50 
0. 
13.50 
ANGULAR 
LOCATION 
165. 
285. 
165. 
165. 
45. 
0. 
45. 
ELEVATION 
18.4C 
lb.4C 
18.40 
18.40 
18.40 
18.40 
18.40 
CORE RADIAL PROFILE ELEVATION 21.65 
SENSOR 
ESIGNATION 
DP405 
DP743 
DP751 
0P763 
DP732 
DP74C 
DP774 
CORE 
PRESSURE 
262.9 
212.7 
261.0 
220.3 
199.3 
262.0 
195.7 
RADIUS 
18.00 
C. 
17.50 
13.50 
7.50 
17.50 
7.50 
ANGULAR 
LOCATION 
45. 
0. 
285. 
45. 
285. 
45. 
165. 
ELEVATION 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
CORE RADIAL PROFILE ELEVATION 40.90 
SENSCR 
DESIGNATION 
DP407 
DP736 
CP74t 
DP726 
0P767 
DP738 
0P718 
CORE 
PRESSURE 
216.0 
205.0 
216.3 
191.9 
218.5 
217.7 
188.2 
RADIUS 
18.CC 
C. 
17.50 
7.50 
17.50 
17.5C 
7.50 
ANGULAR 
LOCATION 
165. 
0. 
285. 
165. 
. 45. 
45. 
45. 
ELEVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
CORE RADIAL PROFILE ELEVATION 46.52 
SENSOR 
DESIGNATION 
0P408 
DP727 
DP719 
DP737 
DP735 
0P748 
CP747 
CORE 
PRESSURE 
186.3 
201.0 
216.5 
194.2 
212.3 
195.7 
205.1 
RADIUS 
18.OC 
7.50 
7.50 
17.50 
7.50 
17.5C 
C. 
ANGULAR 
LOCATION 
163. 
165. 
45. 
45. 
285. 
785. 
0. 
ELEVATION 
46.52 
46.52 
46.52 
46.52 
46.52 
46.52 
46.52 
CORE INTERELEMENT PRESSURES - FFL-9-18f 
® Astronuclear Laboratonr 
WANL-TME-1207 
FFL- 9-18G CORE INLET PRESSURE IPSIA>>298.6 
CORE PRESSURE DROP (PSID)=129.3 
CORE INLET TEHPERATURE tF)«a3.5 
CORE OUTLET TEMPERATURE (F)-82.7 
CORE RADIAL PROFILE ELEVATION 7.16 
SENSOR 
DESIGNATION 
0P401 
DP708 
0P707 
DP7C6 
DPTC9 
DP761 
0P766 
DP7C5 
SENSCR 
DESIGNATION 
DP403 
DP73C 
0P722 
0P742 
0P714 
0P720 
SENSOR 
DESIGNATION 
DP405 
DP743 
0P751 
DP763 
DP732 
OP740 
DP724 
SENSOR 
DESIGNATION 
DP407 
0P736 
DP746 
0P726 
0P767 
0P738 
0P718 
SENSOR 
DESIGNATION 
0P408 
DP727 
0P719 
0P737 
0P735 
DP748 
CORE 
PRESSURE 
294.7 
294.9 
235.7 
233.1 
293.9 
221.7 
296.0 
248.4 
CORE RADIAL 
CORE 
PRESSURE 
278.2 
232.2 
240.6 
276.7 
204.9 
239.8 
CORE RADIAL 
CORE 
PRESSURE 
246.7 
207.8 
246.1 
218.0 
183.6 
246.6 
190.2 
CORE RADIAL 
CORE 
PRESSURE 
204.3 
199.8 
205.0 
187.6 
206.8 
205.6 
184.5 
CORE RADIAL 
CORE 
PRESSURE 
180.6 
196.2 
208.9 
187.7 
204.5 
188.7 
RADIUS 
18.00 
17.50 
7.50 
7.50 
17.50 
13.50 
17.50 
7.50 
ANGULAR 
LOCATION 
0. 
155. 
285. 
155. 
285. 
45. 
45. 
45. 
PROFILE ELEVATION 18.40 
RADIUS 
18.00 
7.50 
7.50 
17.50 
7.50 
0. 
ANGULAR 
LOCATION 
165. 
285. 
155. 
155. 
45. 
0. 
PROFILE ELEVATION 29.65 
RADIUS 
18.00 
0. 
17.50 
13.50 
7.50 
17.50 
7.50 
ANGULAR 
LOCATION 
45. 
0. 
285. 
45. 
285. 
45. 
165. 
PROFILE ELEVATION 40.90 
RADIUS 
18.00 
0. 
17.50 
7.50 
17.50 
17.50 
7.50 
ANGULAR 
LOCATION 
155. 
0. 
285. 
155. 
45. 
45. 
45. 
PROFILE ELEVATION 46.52 
RADIUS 
18.00 
7.50 
7.50 
17.50 
7.50 
17.50 
ANGULAR 
LOCATION 
353. 
155. 
45. 
45. 
285. 
285. 
ELEVATION 
T.16 
7.15 
7.16 
7.16 
7.16 
7.16 
7.15 
7.15 
ELEVATION 
18.40 
18.40 
18.40 
18.40 
18.40 
18.40 
ELEVATION 
29.55 
29.55 
29.55 
29.65 
29.55 
29.65 
29.55 
ELEVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
ELEVATION 
46.52 
46.52 
46.52 
45.52 
46.52 
45.52 
CORE INTERELEMENT PRESSURES - FFL-9-18g 
WANL-TME-1207 
FFL- 9-18H CORE INLfcT PRESSURE (PSIA)=301.8 CORE INLET TEMPERATURE (F)=81.5 
CORE PRESSURF URUP IPSID)=129.7 CHRE OUTLET TEMPERATURE (Fl=79.2 
SENSOR 
DESIGNATION 
CP4C1 
CP708 
0P707 
0P7C6 
CP7C9 
0P761 
0P766 
0P7C5 
SENSCR 
DESIGNATION 
DP403 
DP73C 
DP742 
CP722 
DP714 
0P72C 
CORF RADIAL 
CORE 
PRESSURE 
797.4 
297.6 
238.4 
235.8 
296.5 
224.4 
299.2 
253.1 
CORE RADIAL 
CORE 
PRESSURE 
273.4 
232.0 
271.6 
242.1 
205.9 
241.6 
PROFILE ELEVATION 7.16 
RADIUS 
18.CO 
17.50 
7.50 
7.5C 
17.5C 
13.50 
17.50 
7.5C' 
ANGULAR 
LOCATION 
0. 
165. 
285. 
165. 
2R5. 
45. 
45. 
45. 
PROFILE ELEVATION 18.40 
RADIUS 
l a . o c 
7.5C 
17.5C 
7.50 
7.50 
0. 
ANGULAR 
LfXATION 
165. 
285. 
165. 
165. 
45. 
0. 
ELEVATION 
7. 16 
7.16 
7. 16 
7.16 
7. 16 
7.16 
7. 16 
7.16 
ELEVATION 
18.40 
18.4C 
18.4C 
18.40 
18.40 
18.40 
CORE RADIAL PROFILE fcLEVATION 29.f.5 
SENSOR 
DESIGNATION 
DP4C5 
DP743 
DP751 
DP763 
DP732 
0P74C 
DP724 
CORE 
PRESSURE 
241.2 
209.9 
240.9 
240.5 
179.5 
241.3 
193.0 
RADIUS 
18.00 
0. 
17.5C 
13.50 
7.50 
17.50 
7.5C 
ANGULAR 
LCCATION 
45. 
0. 
285. 
45. 
285. 
45. 
165. 
ELEVATION 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
CORE RADIAL PROFILE ELEVATION 40.90 
SENSOR 
DESIGNATION 
DP407 
0P736 
0P746 
DP726 
DP767 
DP738 
DP718 
SENSCR 
DESIGNATION 
0P408 
CP727 
DP719 
DP737 
0P735 
DP748 
CORE 
PRESSURE 
203.2 
201.3 
203.9 
190.4 
205.6 
205.3 
187.4 
CORE RADIAL 
CORE 
PRESSURE 
182.2 
197.3 
209.8 
189.0 
205.7 
190.0 
RADIUS 
18.00 
C. 
17.50 
7.50 
17.50 
17.50 
7.50 
ANGULAR 
LOCATION 
165. 
0. 
285. 
165. 
45. 
45. 
45. 
PROFILE ELEVATION 46.52 
RADIUS 
18.00 
7.50 
7.50 
17.50 
7.50 
17.50 
ANGULAR 
LOCATION 
163. 
165. 
45. 
45. 
285. 
285. 
ELEVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
fcLEVATION 
46.5? 
46.52 
46.52 
46.52 
46.52 
46.52 
CORE INTERELEMENT PRESSURES - FFL-9-18h 
»*'«•• 
F F L - 9^l9E CORE INLET PRESSURE (PSIA)«492.0 
CORE PRESSURE DROP (PSID)»117.8 
/ ^ Astronuiitear 
V 3 / Laboratwf 
WANL-TME-1207 
CORE INLET TEMPERATURE «F)-87.6 
C0R6 OUTLET TEMPERATURE JF)»85.5 
CORE RADIAL PROFILE ELEVATION 7.16 
SENSOR 
DESIGNATION 
DP401 
DP704 
0P7C6 
DP708 
DP707 
DP709 
0P766 
DP761 
CORE 
PRESSURE 
484.1 
440.7 
430.5 
484.2 
424.9 
483.4 
485.6 
419.1 
RADIUS 
18.00 
0. 
7.50 
17.50 
7.50 
17.50 
17.50 
13.50 
ANGULAR 
LOCATION 
45. 
0. 
155. 
165. 
285. 
285. 
45. 
45. 
ELEVATION 
7.16 
7.15 
7.15 
7.16 
7.15 
7.16 
7.15 
7.16 
CORE RADIAL PROFILE ELEVATION 18.40 
SENSCR 
DESIGNATION 
0P403 
DP762 
0P714 
0P720 
CORE 
PRESSURE 
470.6 
444.9 
405.2 
435.6 
RACIUS 
18.00 
13.50 
7.50 
0. 
ANGULAR 
LOCATION 
165. 
45. 
45. 
0. 
ELEVATION 
18.40 
18.40 
18.40 
18.40 
CORE RADIAL PROFILE ELEVATION 29.65 
SENSOR 
DESIGNATION 
0P405 
DP751 
DP763 
DP724 
DP732 
0P743 
CP74C 
SENSOR 
DESIGNATION 
0P407 
DP736 
CP726 
0P767 
DP718 
DP746 
CORE 
PRESSURE 
450.6 
449.4 
390.1 
393.7 
386.4 
406.4 
450.2 
CORE RADIAL 
CORE 
PRESSURE 
416.6 
400.5 
390.0 
417.3 
387.7 
415.5 
RADIUS 
18.00 
17.50 
13.50 
7.50 
7.50 
0. 
17.50 
ANGULAR 
LOCATION 
285. 
285. 
45. 
165. 
285. 
0. 
45. 
PROFILE ELEVATION 40.90 
RADIUS 
18.00 
0. 
7.50 
17.50 
7.50 
17.50 
ANGULAR 
LOCATION 
0. 
0. 
165. 
45. 
45. 
285. 
ELEVATION 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
ELEVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
CORE RADIAL PROFILE ELEVATION 46.52 
SENSCR 
DESIGNATION 
0P408 
DP765 
DP727 
DP735 
DP737 
DP748 
DP719 
DP747 
CORE 
PRESSURE 
389.2 
402.3 
397.5 
410.9 
395.1 
395.4 
409.4 
402.6 
RADIUS 
18.00 
13.50 
7.50 
7.50 
17.50 
17.50 
7.50 
0. 
ANGULAR 
LOCATION 
0. 
45. 
165. 
285. 
45. 
285. 
45. 
0. 
ELEVATION 
46.52 
46.52 
45.52 
46.52 
46.52 
46.52 
46.52 
46.52 
CORE INTERELEMENT PRESSURES - FFL-9-19e 
FFL- )-19F CORE INLfcT P K C S S U R E ( P S I A ) = 5 0 C . 6 
CORE P'^ESSUkr OMOP (PSIDI = I26.4 
® Astronuclear Laboratory 
WANL-TME-1207 
CORE INLET TEMPERATURE (F)=87.6 
CORE OUTLET TiEMPERATURE (F) = 85.5 
c 
SENSCR 
DESIGNATION 
DP401 
0P7C4 
CP7Cft 
DP708 
OP 70 7 
DP7C5 
CP7fc6 
DP761 
:rRE RADIAL 
CORfc 
Pi^ESSUKb 
4 96.'; 
447. 1 
442. } 
496.6 
437.3 
495.6 
482.9 
431.5 
"ROFILF EL 
RADIUS 
n.cc 
G. 
7.50 
17.50 
7.50 
17.5C 
17.5C 
13.50 
EVAT ION 7.16 
ANGULAR 
LPCATirNI 
45. 
0. 
165. 
165. 
285. 
285. 
45. 
45. 
tLtVATION 
7.16 
7. If 
7.16 
7. 16 
7.16 
7.16 
7.It 
7.16 
CORE RADIAL PROFILE ELEVATION 18.43 
SENSCR 
DESIGNATION 
DP4C3 
CP7t2 
DP714 
CP72C 
CORE 
PRESSURE 
4dl.6 
455.9 
415.9 
442. 7 
RADIUS 
18.CC 
13.50 
7.50 
0. 
ANGULAR 
LCCATION 
165. 
45. 
45. 
0. 
ELEVATION 
18.40 
18.4C 
18.40 
18.40 
CORE RADIAL PROFILE ELEVATION 29.t5 
SENSOR 
DESIGNATION 
CP405 
nP751 
DP763 
0P724 
DP732 
DP743 
DP74C 
SENSCR 
DESIGNATION 
CP407 
DP736 
DP726 
DP718 
DP746 
SENSCR 
DESIGNATION 
DP4C8 
CP765 
DP727 
DP735 
DP737 
DP74e 
DP719 
DP747 
CORF 
PRESSURE 
457.B 
456.1 
391.6 
394.5 
381.7 
412. 1 
457.2 
CORE RADIAL 
CORF 
PRESSURE 
412.3 
400.8 
389.9 
387.4 
412.5 
CORE RADIAL 
CORE 
PRESSURE 
386.3 
370.2 
39B.1 
409.0 
392.8 
394.0 
410.4 
392.6 
RACIUS 
18.CC 
17.5C 
13.50 
7.5C 
7.5C 
0. 
17.50 
ANGULAR 
LOCATION 
285. 
285. 
45. 
165. 
285. 
0. 
45. 
PROFILE ELEVATION 40.90 
RACIUS 
18.00 
0. 
7.50 
7.50 
17.50 
ANGULAR 
LCCATION 
0. 
0. 
165. 
45. 
285. 
PROFILE ELEVATION 46.57 
RADIUS 
18.OC 
13.50 
7.50 
7.50 
17.50 
17.50 
7.50 
C. 
ANGULAR 
LOCATIO'M 
285. 
45. 
lo5. 
2R5. 
45. 
285. 
45. 
0. 
ELEVATION 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
ELtVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
fcLEVATION 
46.52 
46.5? 
46.52 
46.52 
46.52 
46.52 
46.5? 
46.5? 
CORE INTERELEMENT PRESSURES - FFL-9-19f 
74 
• wy "*» 
FFL- 9-204 CORE INLET PRESSURE IPSIA)=694.6 
CORE PRESSURF DROP (PSI0)=123.0 
CORE 
CORE 
® Astronuclear Laboratory ^  
WANL-TME-1207 
INLET TEMPERATURE (Fl«67.9 
OUTLET TEMPERATURE (F)»55.6 
CORF RADIAL PROFILE ELEVATION 7.1, 
SENSCR 
DESIGNATION 
0P401 
0P761 
DP7C9 
DP7t6 
DP 704 
DP707 
0P7Ce 
DP7C6 
CORE 
PRESSURE 
690.1 
624.8 
689.1 
691.7 
638.8 
632.9 
690.2 
636.6 
RADIUS 
18.CC 
13.50 
17.50 
17.50 
0. 
7.50 
17.50 
7.50 
ANGULAR 
LOCATION 
285. 
45. 
285. 
45. 
0. 
285. 
165. 
165. 
ELEVATION 
7.16 
.16 
r.i6 
,16 
,16 
,16 
r.it 
7.16 
CORE RADIAL PROFILE ELEVATION 18.40 
SENSOR 
DESIGNATION 
DP403 
0P742 
DP714 
OP 720 
DP73C 
CORE 
PRESSURE 
674.1 
673.1 
608.6 
632.1 
617.2 
RADIUS 
18.CO 
17.50 
7.50 
0. 
7.50 
ANGULAR 
LOCATION 
113. 
165. 
45. 
0. 
285. 
ELFVATION 
18.40 
18.40 
18.40 
18.40 
18.40 
CORE RADIAL PROFILE ELEVATION 29.65 
SENSCR 
DESIGNATION 
DP405 
0P751 
DP74C 
CP724 
DP732 
0P743 
nP763 
SENSCR 
DESIGNATION 
DP407 
0P718 
DP73t 
DP726 
DP767 
DP74t 
CORE 
PRESSURE 
652.3 
651.6 
651.5 
587.5 
587.8 
600.8 
585.3 
CORE RADIAL 
CORE 
PRESSURE 
614.8 
582.0 
601.1 
585.4 
615.4 
613.4 
RACIUS 
18.00 
17.50 
17.50 
7.50 
7.50 
0. 
13.50 
ANGULAR 
LDCATION 
97. 
285. 
45. 
165. 
285. 
0. 
45. 
PROFILE ELEVATION 40.90 
RACIUS 
18.00 
7.50 
C. 
7.50 
17.50 
17.50 
ANGULAR 
LOCATION 
165. 
45. 
0. 
165. 
45. 
285. 
ELEVATION 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
ELEVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
CORE RADIAL PROFILE ELEVATION 46.5? 
SENSOR 
DESIGNATION 
0P408 
DP737 
0P748 
DP727 
DP735 
DP765 
CP747 
0P719 
CORE 
PRESSURE 
586.7 
593.0 
594.1 
596.2 
609.0 
594.6 
590.7 
611.5 
RADIUS 
18.CO 
17.50 
17.50 
7.50 
7.50 
13.50 
0. 
7.50 
ANGULAR 
LCCATION 
277. 
45. 
285. 
165. 
285. 
45. 
0. 
45. 
ELFVATION 
46.52 
46.52 
46.52 
46.52 
46.52 
46.52 
46.52 
45.52 
CORE INTERELEMENT PRESSURES - FFL-9-20a 
75 
FFL- 9-70R CORE INLET PRESSURE IPSIA)=493.4 
CORfc PRESSURE DROP (PSID)=ll9.l 
® Astronuclear Laboratory 
WANL-TME-1207 
CORE INLET TEMPERATURE (F)«69.5 
Cr<E OUTLET TEMPERATURE (F»=61.3 
CORE RADIAL PROFILE ELEVATION 7 . 1 »> 
SENSCR 
DESIGNATION 
DP401 
DP761 
CP7C9 
0P7tfc 
DP704 
DP707 
CP708 
DP706 
SENSCR 
DESIGNATION 
DP403 
CP74? 
DP714 
DP72C 
DP73C 
CORF 
PRfcSSUKE 
489.3 
423.8 
4H3.4 
490.R 
441.5 
432. 1 
4H9.5 
4 3 5 . T 
CORE RADIAL 
CORE 
PRESSURF 
472.3 
470.2 
406.P 
436.1 
422.3 
RACIUS 
18.00 
13.50 
1 7.50 
17.50 
0. 
7.50 
17. 5C 
7.50 
ANGULAR 
LOCATION 
235. 
45. 
235. 
45. 
0. 
285. 
165. 
165. 
PROFILE ELEVATION 18.40 
RADIUS 
18.CC 
17.50 
7.50 
0. 
7.5C 
ANGULA,< 
LOCATION 
113. 
165. 
45. 
0. 
285. 
ELF:VATION 
7.16 
7.16 
7.16 
7.16 
7.16 
7.16 
7.16 
7.It 
fcLEVATION 
18.4C 
18.40 
18.40 
18.4C 
18.40 
CORE RADIAL PROFILE ELEVATION 29.65 
SENSOR 
DESIGNATION 
0P405 
nP751 
DP74C 
DP724 
0P732 
nP743 
CP763 
SENSOR 
DESIGNATION 
DP407 
nP718 
CP736 
DP726 
0P767 
0P74fc 
CORE 
PRESSURE 
441.7 
441.1 
441.4 
390.4 
378.9 
404.4 
385.9 
CORE RADIAL 
CORE 
PRESSURE 
403.2 
336.5 
398. 1 
388.7 
405. 1 
'. 0 3 . B 
R A D I U S 
18.00 
17.5C 
17.50 
7.50 
7.50 
0. 
13.50 
ANGULAR 
LCCATION 
97. 
285. 
45. 
165. 
285. 
0. 
45. 
PROFILE tfLFVATION 40.90 
RADIUS 
18.CO 
7.50 
0. 
7.50 
17.50 
17.50 
ANGULAR 
LCCATIO:) 
165. 
45. 
0. 
165. 
45. 
285. 
fcLEVATION 
29.65 
29.65 
79.65 
29.65 
29.65 
29.65 
29.65 
EL':VATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
CORE RADIAL PROFILE ELEVATION 46.52 
SENSCR 
3ESIGNATI0N 
0P408 
CP737 
DP74a 
CP727 
DP735 
DP7t5 
DP747 
CP719 
CORE 
PRESSURE 
3R3.r' 
390.0 
391.0 
398.5 
408.4 
387.5 
392.8 
411. 3 
RACIUS 
18.00 
17.5C 
17.50 
7.50 
7.50 
13.50 
C. 
7.50 
ANGULA,< 
LCCATION 
277. 
45. 
285. 
165. 
285. 
45. 
0. 
45. 
ELEVATION 
46.52 
46.52 
46.52 
46.52 
46.52 
46.52 
46.52 
46.52 
CORE INTERELEMENT PRESSURES - FFL-9-20b 
76 
^ 
FFL- 9-200 CORE INLET PRESSURE IPSIA»«491.2 
CORE PRESSURE DROP «PS1D)-116.9 
/^Astronyclear 
vS/LaborafiJfy 
WANL-TME-1207 
CORE INLET TEMPERATURE (F)»65.5 
CORE OUTLET TEMPERATURE (F)>62.e 
CORE RADIAL PROFILE ELEVATION 7.16 
SENSOR 
DESIGNATION 
0P401 
0P761 
0P709 
0P765 
DP704 
DP707 
DP708 
0P7C5 
CORE 
PRESSURE 
486.2 
420.9 
485.2 
488.2 
441.1 
428.8 
486.4 
432.7 
RADIUS 
18.00 
13.50 
17.50 
17.50 
0. 
7.50 
17.50 
7.50 
ANGULAR 
LOCATION 
285. 
45. 
285. 
45. 
0. 
285. 
165. 
165. 
ELEVATION 
7.16 
7.16 
7.16 
7.16 
7.16 
7.16 
7.16 
7.16 
CORE RADIAL PROFILE ELEVATION 18.40 
SENSOR 
DESIGNATION 
DP403 
0P742 
DP714 
DP72C 
DP73C 
SENSOR 
DESIGNATION 
0P405 
0P751 
OP740 
0P724 
0P732 
OP 74 3 
0P763 
CORE 
PRESSURE 
462.2 
450.2 
401.4 
434.5 
418.4 
CORE RADIAL 
CORE 
PRESSURE 
432.5 
432.3 
432.5 
389.9 
377.4 
403.6 
384.2 
RADIUS 
18.00 
17.50 
7.50 
0. 
7.50 
ANGULAR 
LOCATION 
113. 
165. 
45. 
0. 
285. 
PROFILE ELEVATION 29.55 
RADIUS 
18.00 
17.50 
17.50 
7.50 
7.50 
0. 
13.50 
ANGULAR 
LOCATION 
97. 
285. 
45. 
155. 
285. 
0. 
45. 
ELEVATION 
18.40 
18.40 
18.40 
18.40 
18.40 
ELEVATION 
29.65 
29.55 
29.55 
29.65 
29.55 
29.55 
29.55 
CORE RADIAL PROFILE ELEVATION 40.90 
SENSOR 
BESIGNATION 
0P407 
0P718 
0P736 
DP726 
IJP767 
0P746 
CORE 
PRESSURE 
399.3 
386.4 
396.8 
388.5 
402.0 
400.0 
RADIUS 
18.CO 
7.50 
0. 
7.50 
17.50 
17.50 
ANGULAR 
LOCATION 
165. 
45. 
0. 
165. 
45. 
285. 
ELEVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
CORE RADIAL PROFILE ELEVATION 46.52 
SENSOR 
ESIGNATION 
DP408 
0P737 
0P748 
0P727 
0P735 
DP76S 
0P747 
DP719 
CORE 
PRESSURE 
381.9 
387.7 
388.7 
396.9 
407.0 
385.6 
390.5 
408.8 
RADIUS 
18.00 
17.50 
17.50 
7.50 
7.50 
13.50 
C. 
7.50 
ANGULAR 
LOCATION 
277. 
45. 
285. 
165. 
285. 
45. 
0. 
45; 
ELEVATION 
46.52 
46.52 
46.52 
46.5? 
46.52 
46.52 
46.52 
46.52 
CORE INTERELEMENT PRESSURES - FFL-9-20c 
»>^ 
FFL- 9-200 CORE INLET PRESSURE IPSIA)=555.0 
CORE PRESSURE DROP (PSIDI= 95.1 
® Astronuclear Laboratory 
WANL-TME-1207 
CORE INLET TEMPERATURE IF).67.1 
CORE OUTLET TEMPERATURE IF)=53.6 
CORE RADIAL PROFILE ELEVATION 7.16 
SENSCR 
DESIGNATION 
DP4C1 
DPTtl 
DP7C9 
DP7e6 
DP704 
DP707 
DP7C8 
DP7C6 
CORE 
PRESSURE 
652.4 
587.1 
651.7 
653.9 
608.1 
595.2 
652.6 
598.9 
RACIUS 
18.00 
13.5C 
17.50 
17.50 
0. 
7.50 
17.50 
7.5C 
ANGULAR 
LCCATION 
285. 
45. 
285. 
45. 
0. 
285. 
165. 
165. 
ELEVATION 
7.16 
7.16 
7.16 
7.16 
7.16 
7.16 
7.16 
7.16 
CORE RADIAL PROFILE ELEVATION 18.40 
SENSOR 
DESIGNATION 
DP403 
0P742 
0P714 
DP72C 
DP73C 
SENSCR 
DESIGNATION 
DP405 
0P751 
0P74C 
DP724 
DP732 
0P743 
DP763 
SENSOR 
DESIGNATION 
0P40 7 
0P718 
0P736 
DP726 
DP767 
0P74e 
CORfc 
PRESSURE 
640.4 
539.8 
553.3 
533.7 
589.7 
CORE RADIAL 
CORE 
PRESSURE 
623.8 
622.4 
623.0 
570.5 
563.5 
618.5 
617.7 
CORE RADIAL 
CORE 
PRESSURE 
590.3 
570.4 
581.1 
573.1 
592.1 
591.0 
RADIUS 
19.CO 
17.50 
7.50 
C. 
7.50 
ANGULAR 
LOCATION 
113. 
155. 
45. 
0. 
285. 
PROFILE ELEVATION 29.65 
RADIUS 
18.CC 
17.5C 
17.50 
7.50 
7.50 
0. 
13.50 
ANGULAR 
LOCATION 
97. 
285. 
45. 
165. 
285. 
0. 
45. 
PROFILE ELEVATION 40.90 
RADIUS 
18.00 
7.50 
0. 
7.50 
17.5C 
17.50 
ANGULAR 
LOCATION 
165. 
45. 
0. 
165. 
45. 
• 285. 
ELEVATION 
18.40 
18.40 
18.40 
18.40 
18.4C 
ELEVATION 
29.65 
29.55 
29.65 
29.65 
29.65 
29.55 
29.55 
ELEVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
CORE RADIAL PROFILE ELEVATION 46. 
SENSOR 
ESIGNATION 
0P40B 
DP737 
DP748 
0P727 
DP735 
DP765 
DP747 
DP719 
CORE 
PRESSURE 
572.8 
578.1 
578.0 
581.7 
587.6 
580.1 
577.6 
587.8 
RACIUS 
18.00 
17.50 
17.50 
7.50 
7.50 
13.50 
C. 
7.50 
ANGULAR 
LOCATION 
277. 
45. 
285. 
165. 
285. 
45. 
0. 
45. 
ELEVATION 
46.5;: 
45.52 
45.52 
46.5? 
46.52 
46.52 
46.52 
46.5? 
CORE INTERELEMENT PRESSURES - FFL-9-20d 
k^ 'I a I » ! - • » — - -
FFL- 9-21A CORE INLET PRESSURE (PSIA)>699.3 
CORE PRESSURE DROP IPSI0)'126.0 
/ ^ Astronuclear 
VH/Laboratory 
WANL-TME-1207 
CORE INLET TENPEKATURE IF)-93.2 
CORE OUTLET TEMPERATURE (F)-a6.6 
CORE RADIAL PROFILE ELEVATION 7.16 
SENSOR 
DESIGNATION 
0P401 
DP 704 
0P705 
0P7C6 
0P707 
DP708 
DP7C9 
DP761 
0P766 
CORE 
PRESSURE 
695.1 
644.2 
644.9 
641.3 
635.4 
680.2 
594.3 
628.7 
696.5 
RADIUS 
18.00 
0. 
7.50 
7.50 
7.50 
17.50 
17.50 
13.50 
17.50 
ANGULAR 
LOCATinN 
293. 
0. 
45. 
165. 
285. 
155. 
285. 
45. 
45. 
ELEVATION 
T.16 
7.16 
7.16 
7.16 
7.16 
7.16 
7.16 
7.16. 
7.16 
CORE RADIAL PROFILE ELEVATION 18.40 
SENSOR 
DESIGNATION 
0P403 
0P714 
0P720 
DP762 
SENSOR 
DESIGNATION 
DP405 
0P724 
DP732 
DP740 
0P743 
DP751 
0P763 
SENSOR 
DESIGNATION 
DP407 
DP718 
DP726 
DP736 
DP746 
0P767 
CORE 
PRESSURE 
677.1 
610.4 
540.2 
664.3 
CORE RADIAL 
CORE 
PRESSURE 
654.8 
590.5 
589.3 
654.5 
602.4 
653.6 
647.8 
CORE RADIAL 
CORE 
PRESSURE 
517.3 
579.2 
587.5 
602.6 
615.8 
618.1 
RADIUS 
18.00 
7.50 
0. 
13.50 
ANGULAR 
LOCATION 
U 3 . 
45. 
0. 
45. 
PROFILE ELEVATION 29.65 
RADIUS 
18.00 
7.50 
7.50 
17.50 
0. 
17.50 
13.50 
ANGULAR 
LOCATION 
353. 
165. 
285. 
45. 
0. 
285. 
45. 
PROFILE ELEVATION 40.90 
RADIUS 
18.00 
7.50 
7.50 
0. 
17.50 
17.50 
ANGULAR 
LOCATION 
165. 
45. 
165. 
0. 
285. 
' 45. 
ELEVATION 
18.40 
18.40 
18.40 
16.40 
ELEVATION 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
ELEVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
CORE RADIAL PROFILE ELEVATION 46.52 
SENSOR 
DESIGNATION 
DP408 
DP719 
0P727 
0P735 
0P737 
0P748 
0P765 
CORE 
PRESSURE 
588.5 
510.4 
597.4 
609.4 
595.1 
596.0 
599.4 
RADIUS 
18.00 
7.50 
7.50 
7.50 
17.50 
17.50 
13.50 
ANGULAR 
LOCATION 
165. 
45. 
165. 
285. 
45. 
285. 
45. 
ELEVATION 
46.52 
46.52 
46.52 
46.52 
46.52 
46.52 
46.52 
CORE INTERELEMENT PRESSURES - FFL-9-21a 
79 
® Astronuclear Laboratory, 
WANL-TME-1207 
FFL- 9-21B CORE INLET PRESSURE (PSIA)=699.3 
CORE PRESSURE DROP (PSID)»130.2 
CORE INLET TEHPERATURE IF)-91.0 
CORE OUTLET TEMPERATURE (F)>85.6 
CORE RADIAL PROFILE ELEVATION 7.16 
SENSCR 
DESIGNATION 
OP401 
DP7e6 
DP704 
DP7C5 
DP708 
DP709 
DP751 
0P707 
CP706 
SENSOR 
DESIGNATION 
DP403 
DP742 
DP752 
0P720 
DP714 
DP73C 
SENSOR 
DESIGNATION 
DP405 
DP724 
DP751 
DP740 
DP732 
DP763 
DP743 
SENSOR 
DESIGNATION 
DP407 
0P718 
0P726 
bP767 
DP746 
DP736 
SENSOR 
DESIGNATION 
DP408 
DP737 
DP748 
0P735 
DP727 
DP719 
CORE 
PRESSURE 
691.3 
592.5 
537.6 
538.4 
675.4 
690.4 
524.9 
632.6 
637.5 
CORE RADIAL 
CORE 
PRESSURE 
575.3 
674.1 
562.6 
637.1 
608.6 
614.4 
CORE RADIAL 
CORE 
PRESSURE 
551.9 
586.1 
650.2 
551.2 
586.2 
585.9 
597.7 
CORE RADIAL 
CORE 
PRESSURE 
606.1 
576.0 
583.2 
508.8 
606.1 
593.3 
CORE RADIAL 
CORE 
PRESSURE 
580.7 
587.6 
588.5 
604.3 
592.5 
605.3 
RADIUS 
18.00 
17.50 
0. 
7.50 
17.50 
17.50 
13.50 
7.50 
7.50 
ANGULAR 
LOCATION 
163. 
45. 
0. 
45. 
165. 
285. 
45. 
285. 
165. 
PROFILE ELEVATION 18.40 
RADIUS 
18.00 
17.50 
13.50 
0. 
7.50 
7.5C 
ANGULAR 
LOCATION 
293. 
165. 
45. 
0. 
45. 
285. 
PROFILE ELEVATION 29.65 
RADIUS 
18.00 
7.50 
17.50 
17.50 
7.50 
13.50 
0. 
ANGULAR 
LOCATION 
45. 
165. 
285. 
45. 
285. 
45. 
0. 
PROFILE ELEVATION 40.90 
RADIUS 
18.00 
7.50 
7.50 
17.50 
17.50 
0. 
ANGULAR 
LOCATION 
7. 
45. 
165. 
45. 
285. 
0. 
PROFILE ELEVATION 46.52 
RADIUS 
18.00 
17.50 
17.50 
7.50 
7.50 
7.50 
ANGULAR 
LOCATION 
73. 
45. 
285. 
285. 
165. 
45. 
ELEVATION 
7.16 
7.16 
7.16 
7.16 
7.15 
7.16 
7.16 
7.16 
7.16 
ELEVATION 
18.40 
18.40 
18.40 
18.40 
18.40 
18.40 
ELEVATION 
29.65 
29.65 
29.65 
29.55 
29.65 
29.65 
29.65 
ELEVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
ELEVATION 
46.52 
46.52 
46.52 
46.52 
46.52 
46.52 
CORE INTERELEMENT PRESSURES - FFL-9-21b 
inniiiiiiiiiiiiiiLi, 
JA 
FFL- 9-21C CORE INLET PRESSURE (PSIA).699.3 
CORE PRESSURE DROP (PSI0)»131.5 
/ ^ Astrogiiclear 
\ S / Laboratory 
WANL-TME-1207 
CORE INLET TEMPERATURE tF)«9l.0 
CORE OUTLET TEMPERATURE IF)>85.4 
CORE RADIAL PROFILE ELEVATION 7.16 
SENSOR 
DESIGNATION 
CP401 
0P766 
0P704 
DP7C5 
DP708 
DP709 
0P751 
0P707 
0P7C6 
SENSOR 
DESIGNATION 
0P403 
DP742 
DP762 
DP720 
0P714 
DP73C 
SENSCR 
DESIGNATION 
DP405 
DP724 
DP751 
0P74C 
DP732 
DP763 
0P743 
CORE 
PRESSURE 
590.3 
591.8 
637.2 
637.4 
575.4 
689.4 
623.9 
631.6 
536.5 
CORE RADIAL 
CORE 
PRESSURE 
672.3 
659.9 
559.5 
538.9 
505.6 
514.2 
CORE RADIAL 
CORE 
PRESSURE 
639.3 
583.7 
638.8 
539.5 
574.4 
582.5 
595.9 
RADIUS 
18.CO 
17.50 
0. 
7.50 
17.50 
17.50 
13.50 
7.50 
7.50 
ANGULAR 
LOCATION 
163. 
45. 
0. 
45. 
165. 
285. 
45. 
285. 
165. 
PROFILE ELEVATION 18.40 
RADIUS 
18.00 
17.50 
13.50 
0. 
7.50 
7.50 
ANGULAR 
LOCATION 
293. 
165. 
45. 
0. 
45. 
285. 
PROFILE ELEVATION 29.55 
RADIUS 
18.00 
7.50 
17.50 
17.50 
7.50 
13.50 
0. 
ANGULAR 
LOCATION 
45. 
165. 
285. 
45. 
285. 
45. 
0. 
ELEVATION 
7.16 
7.15 
7.15 
7.16 
7.15 
7.16 
7.16 
7.16 
7.16 
ELEVATION 
18.40 
18.40 
18.40 
18.40 
18.40 
18.40 
ELEVATION 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
29.65 
CORE RADIAL PROFILE ELEVATION 40.90 
SENSOR 
DESIGNATION 
0P407 
DP718 
CP726 
DP767 
0P746 
DP736 
SENSOR 
DESIGNATION 
0P408 
0P737 
DP748 
0P735 
0P727 
DP719 
CORE 
PRESSURE 
598.2 
576.4 
614.4 
501.2 
598.5 
591.2 
CORE RADIAL PROFl 
CORE 
PRESSURE 
577.3 
583.8 
584.5 
601.4 
590.5 
601.6 
RACIUS 
18.00 
7.50 
7.50 
17.50 
17.50 
0. 
ANGULAR 
LOCATION 
7. 
45. 
165. 
45. 
285. 
0. 
ILE ELEVATION 46.52 
RADIUS 
18.00 
17.50 
17.50 
7.50 
7.50 
7.50 
ANGULAR 
LOCATION 
73. 
45. 
285. 
285. 
165. 
45. 
ELEVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
ELEVATION 
46.52 
46.52 
46.52 
45.52 
46.52 
46.52 
CORE INTERELEMENT PRESSURES - FFL-9-21c 
Ata « M i 81 
FFL- 9-210 CORt INLET PktSSURr (PSIA)=699.3 
CORt PRESSURE OROF (PSI0)=1?9.4 
® Astronuclear Laboratory 
WANL-TME-1207 
CfRE INLET TEMPERATURE (F)=91.0 
Ci^ RE OUTLET TE^PERATURE (F) = 84.4 
CORE RADIAL PROFILE ELEVATION 7,16 
SENSCR 
DESIGNATION 
CP4C1 
DP766 
DP704 
CP7C5 
CP7Ce 
DP7C9 
CP761 
DP707 
CP7Ct 
COK = 
PRESSURE 
687. i 
689.9 
638.9 
639. 
673. 
686 
^21 
679 
634 
RADIUS 
IB.CC 
17.50 
0. 
7 .50 
1 7 . 5 0 
1 7 . 5 0 
1 3 . 5 0 
7.5C 
7.50 
ANGUL'R 
LCCATION 
163. 
45. 
0. 
45. 
165. 
285. 
45. 
285. 
165. 
ELEVATION 
7.16 
16 
16 
It 
16 
16 
16 
16 
16 
CORE RADIAL PROFILE ELEVATION 18.40 
SENSCR 
DESIGNATION 
0P403 
CP742 
CP7t2 
DP720 
nP714 
CP73C 
C0R5 
PRESSURE 
662.5 
661.3 
649. 7 
636.2 
598.1 
621.5 
RADIUS 
18.CC 
17.50 
13.50 
0. 
7.50 
7.50 
ANGULAR 
LCCATIOM 
293. 
165. 
45. 
0. 
45. 
285. 
ELEVATION 
18.40 
18.40 
18.40 
18.40 
18.40 
18.40 
CORE RADIAL PROFILE FLEVATIOr^ 79.65 
SENSCR 
DESIGNATION 
DP405 
DP724 
0P751 
CP74C 
DP732 
DP763 
DP743 
SENSCR 
DESIGNATION 
DP407 
DP7ie 
DP726 
CP767 
DP74e 
DP736 
SENSCR 
DESIGNATION 
DP408 
DP737 
CP748 
CP735 
DP727 
DP719 
CORC 
PRESSURE 
630.5 
585.4 
630.3 
630.7 
574.6 
583.5 
597.8 
CORE RADIAL 
CORE 
PRESSURE 
595.6 
578. 7 
607.5 
598.4 
595.9 
591.7 
CORE RADIAL 
CORE 
PRESSURE 
578.1 
584.3 
584.8 
600.7 
591.1 
600.5 
RADIUS 
18.00 
7.50 
17.50 
17.50 
7.50 
13.50 
C. 
ANGULAR 
LOCATION 
45. 
165. 
?85. 
45. 
285. 
45. 
0. 
PRijFILt ELEVATION 40. 10 
RACIUS 
18.00 
7.50 
7.50 
17.50 
17.50 
0. 
ANGULAR 
LOCATION 
7. 
45. 
165. 
45. 
285. 
0. 
PROFILE ELEVATION 46.'"2 
RACIUS 
18.00 
17.50 
17.50 
7.50 
7.50 
7.50 
ANGULAR 
LCCATIfiN 
73. 
45. 
285. 
285. 
165. 
45. 
ELEVATION 
29.61. 
29.6') 
29.6'; 
29.6b 
29.65 
29.65 
2 9.55 
ELEVATION 
40.90 
40.90 
40.9C 
40.90 
40.90 
40.90 
ELEVATION 
46.5? 
46.5;' 
46.5? 
46.52 
46.52 
46.52 
CORE INTERELEMENT PRESSURES - FFL-9-21d 
82 
FFL- 9-22A CORE INLET PRESSURE IPSIA)=699.3 
CORE PRESSURE DROP IPSIOl'126.2 
/^Astronudear 
\ S / Laboratory 
WANL-TME-1207 
CORE INLET TEMPERATURE IF)«80.4 
CORE OUTLET TEMPERATURE (F)«55.3 
CORE RADIAL PROFILE ELEVATION 7.15 
SENSOR 
DESIGNATION 
0P401 
DP7C6 
DP705 
nP704 
DP766 
0P7C9 
DP761 
0P707 
0P7C8 
CORfc 
PRESSURE 
582.9 
520.6 
634.2 
535.2 
686.7 
681.9 
610.1 
623.3 
683.0 
RACIUS 
18.CC 
7.50 
7.50 
0. 
17.50 
17.50 
13.50 
7.50 
17.50 
ANGULAR 
LOCATION 
187. 
165. 
45. 
0. 
45. 
285. 
45. 
285. 
165. 
ELEVATION 
7.16 
7.16 
7.16 
7.16 
7.15 
7.16 
7.16 
7.16 
7.16 
CORE RADIAL PROFILE ELEVATION 18.40 
SENSCR 
DESIGNATION 
0P403 
CP742 
DP722 
CP720 
DP714 
DP730 
DP762 
SENSCR 
DESIGNATION 
DP405 
0P74G 
DP751 
CP763 
DP724 
DP743 
CORE 
PRESSURE 
554.2 
652.3 
622.4 
633.5 
595.5 
613.5 
639.6 
CORE RADIAL 
CORE 
PRESSURE 
522.8 
523.2 
622.9 
582.6 
584.2 
596.5 
RACIUS 
18.00 
17.50 
7.50 
0. 
7.50 
7.50 
13.50 
ANGULAR 
LOCATION 
7. 
155. 
165. 
0. 
45. 
285. 
45. 
PROFILE ELEVATION 29.65 
RADIUS 
18.00 
17.50 
17.50 
13.50 
7.50 
0. 
ANGULAR 
LOCATION 
0. 
45. 
285. 
45. 
155. 
0. 
ELEVATION 
18.40 
18.40 
18.40 
18.40 
18.40 
18.40 
18.4r 
ELEVATION 
29.65 
29.55 
29.55 
29.65 
29.55 
29.55 
CORE RADIAL PROFILE ELEVATION 40.90 
SENSOR 
DESIGNATION 
OP407 
0P736 
DP746 
0P767 
DP718 
DP726 
CORE 
PRESSURE 
592.2 
593.0 
593.0 
576.5 
583.3 
599.5 
RACIUS 
18.00 
0. 
17.50 
17.50 
7.50 
7.50 
ANGULAR 
LCCATION 
307. 
0. 
285. 
45. 
45. 
165. 
ELEVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
CORE RADIAL PROFILE ELEVATION 46.52 
SENSOR 
DESIGNATION 
CP408 
0P747 
DP737 
0P765 
DP748 
DP727 
0P735 
0P719 
CORE 
PRESSURE 
578.6 
596.4 
584.7 
576.9 
585.3 
593.8 
502.3 
601.7 
RADIUS 
18.00 
0. 
17.50 
13.50 
17.50 
7.50 
7.50 
7.50 
ANGULAR 
LOCATfON 
45. 
0. 
45. 
45. 
285. 
155. 
285. 
45. 
ELEVATION 
46.52 
45.52 
45.52 
46.5? 
45.52 
46.5? 
46.5? 
46.52 
CORE INTERELEMENT PRESSURES - FFL-9-22a 
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MUL 
FFL- 9-22B CORE INLET PRESSURE {PSIA)»500.0 
CORE PRESSURE DROP «PS1D)«130.5 
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CCRE INLET TEMPERATURE IFI-74.4. 
CORE OUTLET TEMPERATURE (F)»45.0 
CORE RADIAL PROFILE ELEVATION 7.15 
SENSOR 
DESIGNATION 
DP401 
CP7C6 
DP705 
0P7O4 
DP7t6 
CP709 
DP761 
DP707 
DP7C8 
SENSOR 
DESIGNATION 
0P403 
DP742 
DP722 
DP720 
DP714 
0P73C 
0P7e2 
SENSOR 
DESIGNATION 
DP4C5 
DP74C 
0P751 
DP763 
DP724 
0P743 
SENSOR 
DESIGNATION 
0P407 
0P736 
DP746 
DP757 
DP718 
DP726 
CORE 
PRESSURE 
484.0 
421.5 
436.5 
436.8 
487.6 
483.1 
411.2 
424.4 
484.0 
CORE RADIAL 
CORE 
PRESSURE 
455.3 
453.1 
427.6 
436.3 
395.4 
415.7 
440.7 
CORE RADIAL 
CORE 
PRESSURE 
423.3 
423.7 
423.3 
381.7 
384.1 
397.5 
CORE RADIAL 
CORE 
PRESSURE 
390.4 
392.0 
391.5 
374.2 
381.3 
397.7 
RADIUS 
18.CO 
7.50 
7.50 
0. 
17.50 
17.50 
13.50 
7.50 
17.50 
ANGULAR 
LOCATION 
187. 
155. 
45. 
0. 
45. 
285. 
45. 
285. 
155. 
PROFILE ELEVATION 18.40 
RADIUS 
18.00 
17.50 
7.50 
0. 
7.50 
7.50 
13.50 
ANGULAR 
LOCATION 
7. 
155. 
155. 
0. 
45. 
285. 
45. 
PROFILE ELEVATION 29.65 
RADIUS 
18.00 
17.50 
17.50 
13.50 
7.50 
0. 
ANGULAR 
LOCATION 
0. 
45. 
285. 
45. 
165. 
0. 
PROFILE ELEVATION 40.90 
RADIUS 
18.00 
0. 
17.50 
17.50 
7.50 
7.50 
ANGULAR 
LOCATION 
307. 
0. 
285. 
45. 
45. 
165. 
ELEVATION 
7.15 
7.15 
7.15 
7.15 
7.16 
7.15 
7.16 
7.16 
7.16 
ELEVATION 
18.40 
18.40 
18.40 
18.40 
18.40 
18.40 
18.40 
ELEVATION 
29.65 
29.65 
29.65 
29.65 
29.55 
29.65 
ELEVATION 
40.90 
40.90 
40.90 
40.90 
40.90 
40.90 
CORE RADIAL PROFILE ELEVATION 46.52 
SENSOR 
DESIGNATION 
DP408 
0P747 
DP737 
0P765 
DP748 
DP727 
DP735 
DP719 
CORE 
PRESSURE 
375.0 
397.5 
382.3 
374.4 
383.0 
392.5 
400.2 
401.2 
RADIUS 
18.00 
0. 
17.50 
13.50 
17.50 
7.50 
7.50 
7.50 
ANGULAR 
LOCATION 
45. 
0. 
45. 
45. 
285. 
155. 
285. 
45. 
ELEVATION 
46.52 
45.52 
46.52 
45.52 
46.5? 
46.52 
46.52 
46.52 
CORE INTERELEMENT PRESSURES - FFL-9-22b 
F F L - 9-22C CORfc INLET PkCSSURI 
CORE PRESSURF DROP 
: ( P 5 I A ) = 3 0 0 . r i 
I P S I D ) = 1 3 2 . 5 
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CtRE INLEI TEMFERATURE (F)=74.4 
CORE OUTLET TEMPERATURE IF)=41.5 
CORE RADIAL PROFILE ELEVATION 7.16 
SE'ISCR 
DESIGNATION 
CP4C1 
CP7Ct 
DP7C5 
DPTtt 
DP7C4 
CP7C9 
DP761 
CP707 
0P70e 
CURt 
PRESSURF 
237.6 
725.1 
244.8 
290.3 
245.4 
286.9 
221.1 
228.0 
287.6 
RADIUS 
13.CC 
7.50 
7.50 
1 7.50 
0. 
17.50 
13.50 
7.50 
17.50 
ANGULAR 
LCCATION 
187. 
165. 
45. 
45. 
0. 
285. 
45. 
285. 
165. 
ELEVATION 
7.16 
7.16 
7.16 
7.16 
7.16 
7.16 
(.11 
7.16 
7.16 
CORE RADIAL PROFILE ELEVATION 18.40 
SENSCR 
DESIGNATION 
0P403 
DP742 
DP722 
09720 
DP714 
DP73C 
DP762 
SENSCR 
DESIGNATION 
OP405 
DP74C 
DP751 
DP763 
DP724 
DP743 
SENSOR 
DESIGNATION 
DP407 
DP736 
DP746 
0P767 
DP718 
0P726 
CORE 
PRESSURE 
262.6 
261.2 
234.9 
242.7 
197.7 
2 24.0 
248.0 
CORE RADIAL 
CORE 
PRESSURE 
231.6 
231.9 
231.1 
184.4 
186.5 
201.6 
CORE RADIAL 
CORE 
PRESSURE 
195.3 
195.7 
196.3 
177.6 
182.6 
205.7 
RADIUS 
18.00 
17.50 
7.50 
0. 
7.50 
7.50 
13.50 
ANGUL ^R 
LOCATION 
7. 
165. 
165. 
0. 
45. 
785. 
45. 
PROFILE ELEVATION ?9.(,5 
RADIUS 
18.00 
1 7.50 
17.50 
13.50 
7.50 
C. 
ANGULAR 
LCCATION 
0. 
45. 
285. 
45. 
165. 
0. 
PROFILE ELEVATION 40.90 
RACIUS 
18.00 
0. 
17.50 
17.50 
7.50 
7.50 
ANGULAR 
LCCATION 
307. 
0. 
285. 
45. 
45. 
165. 
ELEVATION 
18.40 
18.40 
18.4'> 
18.40 
1B.4U 
18.40 
la.40 
ELEVATION 
29.65. 
29.65 
29.65 
29.6t. 
29.6"; 
29.65 
ELEVATION 
40.90 
40.90 
40.90 
40.9U 
40.90 
40.90 
CORE RADIAL PROFILE ELEVATION 46.52 
SENSCR 
DESIGNATION 
0P408 
0P747 
0P737 
DP7t5 
DP748 
DP727 
DP735 
DP719 
CORE 
PRESSURE 
176.1 
201.0 
183.0 
174.5 
184.0 
194.1 
201.0 
204.9 
RADIUS 
18.00 
0. 
17.50 
13.50 
17.50 
7.50 
7.50 
7.50 
ANGULCR 
LOCATION 
45. 
0. 
45. 
45. 
285. 
165. 
285. 
45. 
ELEVATION 
46.5? 
46.5? 
46.52 
46.52 
46.52 
46.5? 
46.52 
46.5? 
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CORE INLET PRESSURE = 700 PSIA 
CORE PRESSURE DROP « 130 PSIA 
8 SEALS VENTED 
X CENTERLINE 
A 4S° AZIMUTH 
D I65» AZIMUTH 
O 285° AZIMUTH 
0 2 4 6 8 10 12 14 16 18 
DISTANCE FROM CENTERLINE (INCHES) 
603379-2B 
FIGURE 41 
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COKE INLET (KESSUtE • 500 PSU 
COKE niESSlWE DKOP • 130 KIA 
8 SEALS VENTED 
X CENTtKLINE 
A 45° AZIMUTH 
D 165° AZIMUTH 
O 2»5° AZIMUTH 
® Astronuclear Laboratory 
WANL-TME-1207 
500 
480 
1 1 1 
-
4«0 -
420 
400 
1 1 1 
1 I T I 
L - 7.16 
^ ^ ^ ^ ^ - ^ 
A 
1 J J 1 
I 
S E A L — J 
1 
u 
-
-
480 
460 
440 
420 
400 
£ 380 
1 
-
_ 
1 
1 1 1 
"~^^ -—.^ o _ 
A 
1 1 1 
1 1 1 
L - 18.40 
^^.^^-^ 
,, 
1 1 1 
1 
SEAL — 
^^,^ 
1 
: i n 
-
_ 
-
a 460 
1 440 
S 420 
~ 400' 
380 
360 
1 
-
1 
1 \ — \ 
o 
J., , 1 1 
1 - --T I 
L - 29.65 
— A 
1 1 1 
• T " 
SEAL — 
1 
^ 
-
-
420 
400 
380 
360 
1 1 1 
1 1 1 
1 I r I 
L • 40.90 
1 1 1 1 
• ~ l 
SEAL g\ 
1 
6 8 10 12 U 
DISTANCE FROM CENTERLINE (INCHES) 
FIGURE 42 
16 18 
603379-2»« 
CORE INTERELEMENT PRESSURES - FFL-9-20b 
87 
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TABLE 7 
MECHANICAL DATA 
TEST DESIGNATION 21a 21c 22a 19e 20b 22b 18e 18g 22c 
Core Inlet Pressure 
Core Pressure Drop 
Number of Seals Vented 
S726 
S774 
S763 
S768 
S443 
S444 
S445 
S446 
S447 
S448 
S450 
700 
130 
0 
1254.26 
- 1.9 
0.5 
4.3 
10.6 
- a2 
4.0 
16.0 
700 
130 
8 
1304,94 
- 2.8 
0.5 
4.3 
12.4 
- 0.2 
4.5 
19.2 
700 
130 
16 
- 66,91 
- 70.07 
1500.91 
1372.36 
- 0.7 
3.1 
6.2 
9.1 
0.4 
5.9 
18.5 
500 
130 
0 
Element Stra 
-126.67 
- 90.73 
Tie Rod Stra" 
1692.57 
1640.30 
Pin 
- 2.0 
- 0.5 
- 0.0 
6.1 
- 2.7 
7.6 
14,6 
500 
130 
8 
n Data (micro 
- 29.73 
- 31.67 
n Data (micro 
1411.18 
1309.38 
500 
130 
16 
300 
130 
0 
-inches/inch) 
- 6.69 
- 21.02 
-252,68 
-321,24 
-inches/inch) 
1543.19 
1343.76 
Movement (mils) 
- 2.5 
0.8 
5.0 
13.5 
- 0.8 
5.4 
20.1 
- 0 . 7 
4.6 
7.1 
7.2 
0.4 
6.8 
19.8 
1713,9 
1640.3 
- 2,6 
- 1.8 
2.4 
3.6 
- 0,6 
2.0 
14.8 
300 
130 
8 
- 279. 28 
-334.22 
1836.08 
1755. 19 
- 2.6 
- 0.8 
5.3 
6.0 
- 0.2 
4.3 
18.7 
300 
130 
16 
- 66.91 
- 21.02 
1500. 91 
1331,20 
0.7 
2,1 
6,2 
5,3 
- 0.0 
6.3 
19,2 
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